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a second look *Y 

fish 

Several months ago I mentioned briefly one 
of the time-proven tactics for success in 
working DX—listen, listen, and listen some 
more. It's still good advice. But after you 
listen, then what? 

Wi(h the DX-con test season approaching, 
I thought it would be worthwhile to pass 
along some words of wisdom gleaned from 
successful contest operators with average 
equipment but above-average operating 
knowhow. It's difficult to compete against 
high power and elaborate antennas, but it 
can be done. The formula is simple: sharp 
operating and a little iuck. The idea is to re-
fine the first so the second will be a free 
bonus. 

Consider the inevitable pile-up of state-
side stations trying to work a choice DX sta-
tion. The DX station will be making contacts 
at a tremendous clip. Often he won't send 
his call for 15 or 20 minutes. To compound 
the problem, many U. S. hams will work 
him and they don't send his call either— 
takes too much time. Not only is this sense-
less, it's illegal for U. S. hams. 

If you're with it, you'll note the DX sta-
tion's frequency, move on and work others, 
then check his spot at frequent intervals. 
Sooner or later his identity will be made 
public. Meanwhile, the competition will have 
wasted precious time and contest points 
frantically trying to identify the mystery 
station. 

The next step is to plan your strategy so 
you can leap in, latch on, and leap out. This 
is by no means as easy as it sounds. Here 
are some ideas that will help. 

Note how the DX station answers calls. 
Perhaps he replies to stations clustered above 

and below his frequency. Or maybe he 
works stations who transmit a few kHz 
higher each time. After a few contacts, a pat-
tern will emerge. For example, how often 
does he answer stations on the low side of 
his frequency before he changes to those on 
the high side? By playing the law of averages, 
eventually you'll score. 

If all seems useless despite your efforts, 
the wise thing to do is to move on and work 
other stations. Later you can return to the 
original pile-up, which will probably have 
diminished, and you can try again. Let the 
high-power fellows knock themselves out 
trying to make one difficult contact while 
you're busy racking up points. 

obtaining confirmations 
Trying to smoke out QSL cards from for-

eign hams has always been a problem 
plaguing the DX operator. Here's an idea 
used by one enterprising DX enthusiast to 
increase QSL returns. Raised aluminum fet-
ters, such as those used for signs and house 
numbers, are arranged on a colored card. 
The card is then sprayed with a contrasting 
color of lacquer. Before the lacquer sets up, 
the card is decorated with multicolored glit-
ter (the stuff used by stores for display ads). 
After the lacquer dries, the letters are flipped 
off. Result: a unique two-color QSL with 
call letters in silhouette. 

Anything homemade seems to appeal to 
foreign amateurs. If you can boast a person-
alised QSL, as in this example, your returns 
on confirmations should increase. 

Jim Fisk, W1DTY 
editor 
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a word from the publisher 

As we move into volume lit of ham radio 
it is a good time to stop for a minute and 
look back at the 22 months behind us and 
the future that lies ahead. 

In many ways a magazine is much like a 
person. In its early years it is affected by the 
personalities and ideas of its parents. It is apt 
to change during this period as these parents 
try out new ideas in the up-bringing of their 
new offspring. Some work out—some don't. 
We can cite several of each. 

As the youngster begins to move out into 
the world new influences begin to have their 
shaping effect. The subject tries to accommo-
date some; others seem less desirable and 
are avoided. You, our readers, have provided 
many of these influences and ham radio has 
tried to react to the many letters and sugges-
tions which we have received. Some we have 
followed, while others have had to be dis-
carded as they did not fit into the overall 
plans we had in mind. 

One change which we're introducing this 
month is our new binding. This has been 
done mainly to overcome complaints which 
we have received about the magazine com-
ing apart after going through the mail. The 
newer binding is a stronger one which should 
eliminate this problem once and for all. 

None of your ideas have gone unheeded, 
however. We always appreciate hearing both 
pros and cons of ham radio. In fact, we must 
hear them if we are to do our job properly. 
If this magazine is not answering your needs, 
then it is failing in its basic mission. We don't 
feel this is the case, but it's up to you to let 
us know how we're doing. 

Finally, our hero begins to move out in the 
world and find himself. Much of this time 
may be spent looking for challenges. One 
such opportunity recently presented itself, 
and ham radio was quick to accept. We have 
taken over the subscription obligations of 
FM Magazine which until recently was very 
capably published by Mike Van Den Branden, 
WA8UTB. All FM subscribers will receive a 

like number of issues of ham radio for the 
months they had remaining of FM. Those 
who were subscribers to both magazines will 
receive an appropriate extension of their 
ham radio subscription. 

This means a boost of several thousand 
subscribers for which we are justly thankful; 
but it also means much more. It means that 
we now reach more of the serious vhf fm 
operators than any other publication. Ham 
radio wants to treat this responsibility prop-
erly. With the help of Jay O'Brien, W6GDO, 
our fm editor, and Mike Van Den Branden, 
we will try to offer some really good fm ma-
terial to keep our new readers up to date 
and introduce our older readers to this rapid-
ly growing segment of our hobby. You can 
help also by lining up some good articles of 
this type for us and by letting us know what 
you would like us to print. Remember that 
ham radio pays on acceptance for any ma-
terial we use. 

Please bear with us for a month or so as 
we have not really had a chance yet to allow 
for this new responsibility. Lead times being 
what they are, it will be another month or so 
before we can line up some good articles 
and get them into print. 

Another good opportunity presented itself 
a while back when we were offered the op-
portunity to sponsor one of those fabulous 
free cocktail parties at the SAROC Conven-
tion to be held in Las Vegas, February 4 
through 8. Our night will be Thursday, Feb-
ruary 5 and we hope you'll be there. Remem-
ber, this is an amateur radio show unlike any 
other. If you've never been to SAROC you 
owe it to yourself to go this year. If you've 
been before I know you'll be back. It's at a 
new hotel this year and SAROC Chairman, 
Len Norman, W7PBV assures us that it will 
be bigger and more exciting than ever before: 
full details are in the SAROC ad on page 78. 
See you in Las Vegas. 

Skip Tenney, W1NLB 
publisher 
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how to use 

rf power 
transistors 

A guide to 

the practical use 

of rf power transistors 

in amateur radio equipment, 

including 

circuit design, 

matching networks 

and construction 

U1 cs 
3 « 
c o N 

V 
"5 

o u t/i 
«u a c w > 
< 

c e 

e f! 
£ 
DC 
In 
<: 

c 
o VI e m 

3 IS Ou 

Ever since transistors were announced many 
years ago, hams have been interested in 
using them in all types of equipment. Though 
the advantages of transistors have made them 
popular for all electronic applications, tran-
sistors are especially suitable for portable 
equipment. Transistors, with their high effi-
ciencies, small size, low heat dissipation, 
low voltage operation and high reliability, 
are ideal for portable gear. Many low-power 
transistor transmitters have appeared in ham 
magazines, and every circuit of this type 
that has appeared has attracted consider-
able attention. Unfortunately though, many 
of the transistors used in these transmitters 
are really not ideal for this use, since they 
are switching transistors or low-power am-
plifiers that don't perform very well in rf 
power service. Higher power transmitters 
using rf power transistors have rarely been 
described, and most of the circuits that have 
appeared really couldn't be considered very 
practical for most ham use. 

Old rf power transistors suffer from four 
major faults that have limited their useful-
ness: low gain, limited power output, high 
cost, and perhaps most discouraging, suscep-
tibility to destruction due to mismatch or 
detuning. This last was especially bad in 
mobile applications where parking too close 
to a vertical pipe or having your antenna 
touch a tree could blow out an expensive 
power transistor if you happened to be trans-
mitting at the time. Various complex 
schemes were developed to prevent this 
from happening, but most were not com-
pletely satisfactory. Fortunately, new tran-
sistors overcome most of these faults. 

As you probably realize, the market for 
transistors in amateur equipment is minis-
cule compared to the market in the mobile 
communications equipment used in police 
cars, ambulances, taxicabs, and so forth, 
not to mention the transmitters used in air-
craft and military equipment. However, the 
amateur benefits from the improvements 
that result from developing new transistors 
for ihese applications. Because these mar-
kets are large and growing, transistor manu-
facturers have been developing highly im-
proved transistors for these uses. 

These new power transistors have higher 
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gain arid higher power output than earlier 
devices (up to 100 watts in one transistor 
at 175 MHz). They are also rugged and can 
withstand detuning and mismatching that 
would destroy earlier devices. Their cost is 
reasonable for the applications they are in-
tended for. While prices are still high com-
pared to vacuum tubes which can supply 
the same power, the advantages of transis-
tors have made them the overwhelming 
choice in new applications. Very little new 
communications equipment for mobile use 
is presently being designed with vacuum 
tubes. 

For applications that require high efficien-
cy, small size, and high reliability transis-
tors are used even when they are quite a 
bit more expensive than equivalent types. 
For instance, in aerospace communications, 
literally dozens of transistors are used in 
parallel in some applications to obtain very 
high output. 

In spite of this, transistors are not replac-
ing vacuum tubes in all applications. The 
amateur operator who wants to put out 
2,000 watts is not likely to use transistors 

except in the driver stages where the tran-
sistors can make a very compact and effi-
cient assembly. 

At the present time, low-power transis-
tors are quite reasonable. Foi higher power 
a few devices are now becoming available 

fig. 2. Tha geometry of a Motorola balanced-emitter 
(resistor stabilized) transistor, the 2N5637, which ic 
capable of 20 watts output (minimum) at 400 MHz. The 
2N5637 is composed of 220 individual small transistors 
connected in parrallel, each emitter. This construction 
provides excellent safe area and resistance to damage 
from detuning or high vswr. 

fig. 1. Comparison of collector currant vs collector-
emitter voltage in conventional and resistor-stabilized 
transistors (balanced-emitter transistors). 
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on the surplus market. Most of them are not 
modern transistors, and suffer from many of 
the faults that I mentioned before, par-
ticularly failure due to mismatching or de-
tuning. Nevertheless, they are quite useful 
in many applications and are a very good 
way to get your feet wet in rf power before 
you take on a more expensive project. 

For that matter, dedicated hams have 
never had any real problems in obtaining 
components for their projects. The serious 
ham who wants to build a high power tran-
sistor transmitter can likely get the transis-
tors he needs one way or another, just as 
he has been able to obtain expensive var-
actors for microwave use. And even though 
the transistors are relatively expensive, they 
are quite reasonable when you consider 
their advantages; using transistors that op-
erate directly from a car battery, for ex-
ample, eliminates the need for a relatively 
expensive, space-consuming inverter. 
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The principles out l ined in this article ap-
ply equally wel l to small transistors used in 
1- and 2-watt transmitters and to the large 
transistors that are necessary to get 100 
watts or more of rf power output. The same 
design principles are used in all of these 
applications. The numbers w i l l change, of 
course, and sometimes the networks used 
for coupl ing between the transistors w i l l 
also change due to the differences in imped-
ance levels. However, if you learn how to 
design a low-power transmitter you can ap-
ply the same principles when higher-power 
transistors become available to you. 

characteristics of rf power 
transistors 

Modern rf power transistors are made of 
many individual small transistors in parallel. 
These transistors are formed at the same 
t ime in the manufacturing process. The small 
transistors are then connected in parallel 
w i th a luminum metal that is deposited on 
the surface of the si l icon chip. Each of the 
small transistors handles relatively l i t t le pow-
er, hence, can be rather small in size. This 
is an advantage in high-frequency use. 

A further development of this type of con-
struction is the balanced-emitter transistor. 
Here a small resistor is placed in series w i th 

can supply an output of 20 watts at 450 
MHz. This transistor consists of 220 transis-
tors in parallel, and is stabilized by 220 small 
thin-f i lm Nichrom resistors. This device, 
wh ich is more complex than most ICs, is 
50 by 100 mils (0.05 by 0.1 inches) in 
size. You'l l notice that the 2N5637 is made 
of ten cells. Similar cells are used in other 
transistors: the 2N5636, which is of ten used 
as the driver for the 2N5637, consists of six 
cells and can provide 7.5 watts. The 2N5635 
contains two cells and can put out about 
2.5 watts. 

The reason for this complex construction 
is that it improves ruggedness. If one small 
transistor in the large chip starts drawing 
more current than another one because of 
some small difference in its construction, 
the current through it wou ld increase. Then 
the voltage across the small resistor wou ld 
increase, increasing the emitter-base voltage. 
This reduces the amount of current that this 
individual transistor draws. In other words, 
it is a self-stabilizing operation. No single 
transistor can draw an excessive amount of 
current. This protects the transistor f rom 
secondary breakdown and permits it to sta-
bi l ize itself in the event of severe load mis-
match or circuit detuning. 

Since these small emitter resistors are in 

SOO/tF 

fig. 3. 300-MHz comple-
mentary rf power ampli-
fier using npn 2N3866 
and pnp 2NS160 transis-
tors. 
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the emitters of the small transistors that 
are connected in parallel to fo rm the who le 
transistor. 

Fig. 2 shows a typical balanced-emitter 
transistor. It is the Motorola 2N5637, which 

parallel, their equivalent resistance is very 
small and does not result in significant de-
generation or loss of gain. On the other 
hand, if a conventional, older type of pow-
er transistor is used w i th emitter-resistor pro-
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table 1. Typical rf power transistors 

Single 

Supply voltage Gain P . out @f quantity 

Type (cw service) (min dB) (min W) (MHz) Case cost 

2N3866 28 10 1 400 TO-39 $ 2.25 
2N3375 28 8.6 7.5 100 TO-BO 10.80 
2N3S53 28 10 2.5 175 TO-39 4.37 

2N3632 28 5.9 13.5 175 T0-60 12.75 
2N4072 13.6 10 1/4 175 TO-18 2.25 
2N4073 13.6 10 1/2 175 TO-5 2.70 
2N4427 12 10 1 175 TO-39 2.15 
2N5160* 28 8 1 400 TO-39 6.75 
2N5161* 28 8.75 7.5 175 T0-60 18.75 
2N5162*+ 28 6 30 175 TO-BO 27.00 
2N563S + 28 6.2 2.5 400 144B 7.50 
2N5636 + 28 5.7 7.5 400 144B 22.80 
2NS637 + 28 4.6 2 400 145 A 57.50 
2N5641 + 28 8.4 7 175 144B 6.40 
2N5642 + 28 8.2 20 175 145A 21.30 
2N5S43 + 28 7.6 40 175 145 A 40.40 
2N5644 + 12.5 7 1 470 145A-01 11.80 
2N564S + 12.5 6 4 470 145 A 15.50 
2N5G46 + 12.5 4.7 12 470 145 A 29.20 
2N5589 + 13.6 8.2 3 175 144B 6.10 
2N5590 + 13.6 5.2 10 175 145 A 14.40 
2N5591 + 13.6 4.4 25 176 145 A 25.20 
NIM1552 + 27 7.8 75 150 145C 67.50 
MM4018*+ 12.5 10 1/2 175 TO-39 2.20 
MM4019*+ 28 10 2.5 175 TO-39 6.50 
MM4020*+ 12.5 11.5 3.5 175 208-1 8.05 
MM4021*+ 12.5 7.0 15 175 208-1 19.50 
MM4022*+ 12.5 5.5 25 175 208-1 30.00 
MM4023*+ 12.5 5.4 40 175 208-1 49.40 

•pnp 
-fbalanced-emltter transistor 

tection, a resistor large enough to have any 
significant effect on the ruggedness of the 
transistor circuit would cause considerable 
loss of gain and output. 

The greatest advantage of balanced-
emitter transistors is their ruggedness. A 
balanced-emitter transistor can stand an in-
finite vswr for a short time in a-m service, 
for example. You can also tune one of these 
transistors without having it blow out, as 
often happens with older transistors. 

Another result of this construction is 
shown in the I C / V C E curve shown in fig. 1. 
Here the collector currents of two transis-
tors with similar output capability are com-
pared. One is a balanced-emitter transistor, 
the 2N5642. The other is a more conven-
tional transistor, the 2N3632. The 2N3632 
contains two chips in parallel in one pack-
age, but no emitter stabilizing resistors are 

included in this transistor. You'll notice that 
as the voltage increases in the balanced-
emitter transistor, the current increases pro-
portionately. This shows the excellent linear-
ity which would make it ideal for amplitude 
modulation or linear amplification. The 
2N3632 has a negative resistance region 
where increasing the voitage results in lower 
current. This negative resistance region would 
result in very poor upward modulation, of 
course, and high distortion in amplifier 
service. 

While most silicon transistors, particularly 
power transistors, are npn devices, pnp rf 
power transistors are afso made by Motorola. 
One, the MM4023, is a balanced-emitter 
transistor capable of 40 watts output at 175 
MHz. The lower-power 2N5160 is a close pnp 
match of the popular 2N3866 and can be 
used in complementary service (fig. 3). 

January 1970 g j j 11 



o 
POUT 

n^'SOn 

L1, L2 2 turns no. 16 AWG, 3/16" diameter, </«" long 

L3 3 turns no. 16 AWG, 3/B" diameter, 3/8" long 

L4, L6 4 turns no. 18 AWG, V«" diameter, 3/16" long 

L5 1 turn no. 16 AWG, 1/»" diameter, 3/16" long 

L7 V h turns no. 16 AWG, V«" diameter, '/•" long 

fig. 4. Test circuits used for typical rf power transistors. 

3-SSpF S-eOpF 

o 
vcc 

0 
L8 1" straight no. 14 wire 

L9 1 turn no. 16, 1/4" diameter 

L10 2 turns no. 18, 1/4" diameter, 1/8"long 

L11 2-3/4 turns no. 18,1/4" diameter, 3/16" long 

Table 1 summarizes a number of rf power 
transistors, both conventional and balanced-
emitter types. The conventional ones are 
suitable for low power stages, for drivers, 
and where they will not be subjected to load 
mismatch or detuning. Some of these tran-
sistors are also becoming available at rela-
tively low prices in surplus. However, only 
balanced-emitter transistors are recommend-
ed for use where they will be modulated, 
where any significant power is being han-
dled, or for feeding an antenna. Fig. 4 gives 
test circuits for some of the transistors. 
Many of these circuits can be adapted for 
use in the ham bands. 

types of operation 

Hams are interested in rf power transis-
tors for four modes of operation: cw, fm, 
a-m and ssb. The simplest of all of these is 
cw operation. Keyed cw can be used in 
portable operation where the maximum 
range is desired. There's no question that 
this operation provides you the best range 
for a given power. A continuous signal can 
also be used for driving varactor multipliers 
or vacuum tubes. Fm operation is the same 
as cw as far as a transistor is concerned. 
The deviation used in any type of ham or 
commercial communications work is so 
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small that it appears as a constant signal to 
the transistor. 

In either cw or fm operation the transistor 
can be operated at a supply voltage of 
slightly less than the collector-emitter break-
down voltage (BVo e o) . For example, the 
2N5641 series of transistors has a minimum 
B V c e o of 35 volts and it is quite suitable 
for use at 28 volts for fm or cw operation. 
Likewise, transistors with an 18-volt B V C E 0 

can be used with the automobile supply, 
which is roughly 13.5 volts. Because you can 
operate relatively close to the breakdown 
voltage, you can get maximum power output 
from a transistor in cw or fm operation. 

Incidentally, the collector voltage of a 
transistor rises to roughly twice the supply 
voltage during the cycle. This would seem 
to exceed the transistor ratings, but this is 
not true because the radio-frequency break-
down voltage is considerably higher than 
the dc voltage breakdown. It is very close 
to the highest maximum rating normally 
given on a transistor data sheet, the B V C E S . * 

The B V c e s is 65 volts for the 2N5641 series. 

Operation of a transistor at 28 volts re-
quires an inverter if it is used in a car. This 
inverter can be relatively simple—even an 
autotransformer that provides voltage dou-
bling. However, this partly negates one of 
the great advantages of using transistors: 
the fact that they can be operated directly 
from the 13.6 V supply voltage. These 28-V 
transistors are quite useful in fixed-station 
operation, but they are more often used in 
a-m service. A transistor operated at its 
maximum cw output, say 40 watts for the 
2N5643, must be given some type of pro-
tection in case of extended detuning or 
mismatch. The transistor can survive a short 
fault but not a continuous one. 

Transistors are available for operation from 
a car battery of 13.5 volts. They are quite 
similar to the higher-voltage devices but are 
optimized for maximum output at the lower 
voltage, and have lower breakdown voltages. 
They also have lower gain at the lower 
voltages. For example, the 2N5591 has an 
output of 25 watts at 175 MHz when oper-
*The BV is usually numerically about equal to the 

ated directly from a 13.5 V supply. Its power 
gain at this level is only 4.4 dB minimum, 
which is relatively low. The 2N5642, which 
has roughly the same output, 20 watts at 
175 MHz, has a gain of 8.2 dB when it's 
operated at 28 V. Because of this lower 
gain, more stages are generally required for 
the same power level with low-voltage pow-
er supplies. 

amplitude modulation 
Amplitude modulation with transistors is 

usually a rather messy proposition. Frequen-
cy modulation is much more satisfactory, and 
hams are using fm more and more in vhf 
mobile communications. However, a-m is 
widely used commercially in aircraft trans-
mitters and by the military. The aircraft 
transmitters operate between 108 and 136 
MHz, and the military use a-m between 108 
and 152, and between 225 and 400 MHz. For 
this reason, many transistors have been de-
veloped for a-m use in these frequency 
ranges. The carrier output of a transistor in 
a-m service is very low compared to its cw 
output. For example, the 2N5643 can put 
out 40 watts on cw or fm at 175 MHz, but 
it's only suitable for about 15 W of a-m 
carrier. However, on the modulation peaks, 
this increases to about 60 watts PEP, of 
course. 

In a-m operation you have to operate a 
transistor at less than half its collector-
emitter breakdown voltage. For example, the 
2 N 5 6 4 3 , which can be used at 2 8 V for cw 
operation, cannot be operated at more than 
about 14 V in a-m service; this is because 
on a-m peaks the voltage rises to twice the 
normal maximum, which is already twice 
the supply voltage. In other words, on a-m 
peaks a 13.5 V supply will give rf peaks that 
rise to 54 V. A transistor that is to be used 
in a-m service at 13.5 volts, then, must have 
a B V c e s greater than 54 V. 

As you can see, an amplitude-modulated 
transistor has to be operated at about one-
half its normal supply voltage, where it pro-
vides maximum gain. Its gain will be lower 
than that of a transistor made specifically 
for 13.5 V service. Amplitude modulation 
involves a number of compromises; it is 
used only because a-m equipment is already 
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very popular and widely used. Fm is far more 
satisfactory with transistors; it also provides 
much greater range for the same power 
inputs. 

It might be noted, however, that large 
aircraft which use a-m are using transistors— 
single transistors such as the MM1552 which 
is suitable for 25 watts carrier output at 
135 MHz with 100 watts peak power. The 
MM1552 is capable of about 75 W carrier 
output in cw operation. This particular tran-
sistor is used in a-m service at 13.5 V, and 
has a breakdown voltage of about 65 volts. 

In a-m service, because the transistor is 
operated at relatively low carrier output, it 
can withstand infinite vswr and detuning for 
a considerable period of time if mounted 
on an adequate heat sink. 

ssb 
Single sideband with transistors is still 

relatively unfamiliar to most users. Transis-
tors have been used for single sideband for 
some time, particularly by the military, but 
not too much information is available on 
this type of operation. A rule of thumb is 
that a transistor provides fairly low distortion 
at a peak envelope power output roughly 
equal to the cw rms output. As an example, 
the 2N5643, which can put out 40 watts of 
cw, can provide 40 watts PEP of sideband 
with relatively low distortion. 

Balanced-emitter transistors are ideal for 
single sideband because of their excellent 
linearity. At the present time an inexpensive 
transistor can provide about 8 to 10 watts 
PEP ssb, making it quite suitable for use 
alone or to drive an efficient transmitting 
tetrode tube such as the 4CX1000. This is 
not enough output, of course, to drive 
a grounded-grid tube like the popular 
3-1000Z. 

Table 2 summarizes the required voltage 
ratings of transistors used at 13.5 V and 28 
V in all popular modes. 

reading data sheets 
An important part of using rf power tran-

sistors is understanding their data sheets. 
Data sheets on any power transistor or for 
that matter, any semiconductor, are available 
from the manufacturer of the device.* Most 

of the data sheet is quite straightforward, 
and though different manufacturers use 
different formats, similar information is avail-
able from most data sheets. One of the first 
things that you should remember when you 
are looking at a data sheet is that there are 
different types of values given. Some are 
actual maximum ratings. These are the abso-
lute limits to which a transistor should be 
subjected. Other values are characteristics 
which describe the actual performance of 
the transistor. 

In the maximum ratings there is no prob-
lem about interpreting them; they are quite 
obvious. However, the characteristics can 
be typical values, or they can be minimum 
or maximum values. The manufacturer 
chooses the value to give him a reasonable 
yield of salable devices. At the same time, 
most of the transistors that he produces ex-
ceed the minimum ratings, sometimes by 
quite a bit. For this reason, typical values 
are often given on data sheets. These typi-
cals include all of the curves, except one or 
two such as the safe operating area curve 
and temperature deratings. 

Typical values are very useful in design; 
however, it's better to design with the 
minimum values to be on the safe side and 
insure that your design works properly. The 
data sheet clearly differentiates between 
typical and minimum values. 

Among the curves which provide typical 
values are those giving impedances, where 
it is not practical to give a range. In this 
case, many transistors are measured, and an 
average value is put on the curves. These 
values can vary a bit in individual transitors, 
but the numbers indicated are usually quite 
close and satisfactory for circuit design. 

One of the first ratings or characteristics 
that you are concerned about is the break-
down voltage of the transistor as discussed 
in the section on classes of operation. Many 
different breakdown voltages are provided 
on data sheets. The most significant one for 
rf use is the BVC E G . If this is not provided, 
the B V c b o is usually numerically about the 
•Data sheets on any transistors mentioned in the text 
are available from Technical Information Center, Mo-
torola Semiconductor Products Inc., Box 20924, Phoe-
nix, Arizona 85036. 
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same. Half of this value gives you the maxi-
mum rating for cw or fm use; one-quarter 
of it for a-m use, as shown in table 2. 

It's interesting to notice the trade-offs 
that accompany a higher breakdown voltage 
in a given family of transistors. A higher 
breakdown voltage indicates a lower out-
put capacitance or C 0 B . This, of course, can 
simplify design at high frequencies con-
siderably by reducing the amount of parallel 
output capacitance. An unfortunate result 
of higher breakdown voltage is higher dc 
and rf saturation voltages. The reason this 
is important is that the actual output from 
a transistor is dependent on the collector 
voltage swing, or difference between the 
collector supply voltage and the saturation 
voltage. 

table 2. Minimum and BV „ „ for translators 

used in various modes of oparation at 13.5 and 2B V. 
Vaiuas for a-m assume 100% modulation. 

13.5 V Supply 28 V Supply 

BV BV BV BV CES CEO CBS CEO 

cw 

fm 

30 

30 

a-m (transformer 60 
modulation) 

a-m (series 
modulation) 

ssb (linear 
amplification) 

30 

30 

15 

15 

30 

15 

15 

60 

60 

120 

60 

60 

30 

30 

60 

30 

30 

For example, though dc saturation voltages 
are rarely given, for rf power devices they 
typically run around 1.5 to 2 volts for high 
voltage (28 V) transistors, and a little bit 
lower for low voltage ones. However, the rf 
saturation voltage is usually about 1.3 times 
higher and this reduces your power output. 
As you can see, if you operate a transistor 
with a high breakdown voltage at a low volt-
age, you reduce your voltage swing consid-
erably because the high rf saturation voltage 
will remain roughly the same. Thus, a high 
breakdown voltage results in a lower maxi-
mum saturated power output. But as dis-
cussed before, a high breakdown voltage is a 
necessity for amplitude modulation, and so 
we have to live with the high saturation vol-
tage that accompanies it. This is another 

good reason to use fm rather than a-m. 
Incidentally, at high operating voltages, 

gain is higher than at lower voltages, partly 
because the higher operating voltage reduces 
both output and feedback capacitance. 

One parameter that is of relatively little 
importance is the maximum collector cur-
rent (lc(max))- Though a safe operating area 
graph often lists the maximum permissible 
simultaneous voltage and current for the 
transistor, these values are usually dc or low-
frequency ones and are not very relevant 
at 100 MHz or so. Transistors aren't often 
operated near their maximum collector cur-
rents, anyway, whether they are low-frequen-
cy or high-frequency devices. 

A vital parameter in a high-power ampli-
fier is the maximum power dissipation. The 
maximum power dissipation of a transistor 
is the difference between the input and the 
output: P D = P i n ( r ( ) + P l n ( d c ) - Pout . For ex-
ample, if you have 1 watt of rf input and 10 
watts of dc input (a total of 11 watts input) 
and five watts output, the dissipation is 
11 minus five, or six watts. If you're using 
a relatively large transistor it may be able to 
handle this with very little extra heat sinking; 
however, it is important that sufficient heat 
sink be provided if necessary. 

Dc current gain or h F E , is relatively im-
portant in many applications, but its sig-
nificance in rf power transistors is probably 
not what you think. A high h F E indicates a 
high f T and hence a high power gain at fre-
quencies below the f T . Nevertheless high h F B 

is not desirable in most rf power transistors: 
it results in lower maximum saturated power 
output, higher intermodulation distortion in 
single sideband use, greater change in dc 
gain with changing current and, perhaps 
most important, dc and low-frequency in-
stability. 

The lower dc stability means that it is 
relatively hard to stabilize the bias of the 
transitor in class B or AB operation for ssb. 
The ac instability can lead to low-frequency 
oscillation because the transistor has so 
much gain at these frequencies in compari-
son with the gain at the very high frequen-
cies at which you want it to operate. 

It follows that a high f T is not necessarily 
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an advantage. The hf(, (small-signal ac cur-
rent gain) and f T are intimately related, since 
f T is equal to hf0 times the frequency at 
which hfl, is measured. High f T means 
higher output resistance in a transistor. High-
er resistance can simplify matching require-
ments in some cases but the high f T also 
means a lower input resistance at a given 
frequency and a lower maximum saturated 
power output. All in all, fT is not really a 
very good indication of a transistor's per-
formance in power amplifying service. 

The important numbers for you to look 
for in an rf power transistor are its functional 
tests. Rf power transistors undergo tests for 
gain, power output, and in some cases, effi-
ciency, at given frequencies. This is a rather 
time-consuming, and hence, expensive, op-
eration for the manufacturer and one of the 
reasons that rf power transistors are more 
expensive than low frequency ones. How-
ever, it insures that the transistors are suit-
able for high-frequency operation. 

The functional test can be given in a num-
ber of different ways; probably the most ob-
vious one is a minimum power output for a 
given power input at a given frequency. 
A more common test furnishes the amount 
of input required for a given output. Power 
gains are usually given at the same frequency 
at which the power outputs are measured. 
Minimum and typical values are often giv-
en. The minimum is what you should design 
with; the typical is what you can hope for. 

If you do a little bit of figuring, you will 
find that most power transistors have much 
lower gain than vacuum tubes you are fam-
iliar with. Therefore, more transistors than 
tubes are required to obtain a given power 
level in most cases. This is not necessarily 
true at relatively low frequencies: a power 
transistor can have very high gain at 50 
MHz, for example, if it's designed for use 
at 400 MHz. Power gain increases about 6 
dB per octave, and this can mean that you 
have much higher gain at lower frequencies. 

However, it's not necessarily desirable to 
use a 400-MHz transistor at 50 MHz. If 
you have excessive gain you're likely to have 
instability. In general, about 15 dB is the 
maximum gain you should expect to get 
out of an rf power transistor and have it 

remain stable. More than this and you're 
likely to be bothered by instability that could 
be hard to eliminate. In general, you should 
use rf power transistors only in the ranges 
that are indicated on the data sheet. For 
example, if output powers and impedances 
are given for a transistor between 100 MHz 
and 400 MHz, you could use it anywhere 
within that range and probably just a little 
bit above or below it. However, it would be 
best not to use this transistor at 30 MHz or 
below. 

A relatively recent development in rf pow-
er transistor data sheets is the inclusion of 
large-signal impedances. Previous to this 
only small-signal impedances were given: a 
20-W transistor might be characterized in a 
circuit in which it was actually just a low-
level amplifier. However, when transistors 
are operated at high power levels, their 
characteristics are quite different from those 
at low power levels. 

Table 3 lists the high- and low-level im-
pedances for the 2N3948 transistor at 300 
MHz. You can see the vast differences be-
tween these values. If you use the small-
signal impedances to design a transmitter, 
it won't work properly. Some manufacturers 
still do not give large-signal impedances, 
complicating the task of the designer con-
siderably, because he must spend a great 
deal of time in empirical work. Incidentally, 
Motorola pioneered in providing large-
signal impedances, and they are provided on 
almost all Motorola rf power transistor data 
sheets. 

Three different large-signal impedances are 
provided: the input capacitance (C ln), input 
resistance (Rln), and output capacitance 
(Cout). The output resistance (Rout) can be 
figured from the supply voltage and output 
power of the specific circuit you are using, 
and that will be discussed in more detail 
further along. Incidentally, the output ca-
pacitance is roughly twice the low fre-
quency C 0 B in case this is not given. 

There are two different ways that impe-
dance data can be presented: in the parallel 
form, which is given on most Motorola data 
sheets, or in the series representation. A 
parallel form would be, for example, 6 ohms 
resistance in parallel with 30 pF capacitance. 
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The series form would be the familiar expres-
sion using j, such as 25 — j8 ohms. There are 
advantages to using either form; some net-
works are easier to design with the series 
representation, and some with parallel. It 
is relatively easy to switch from one to 
another. Later on in the discussion of net-
work design I will indicate when you use 
the series and when you use the parallel 
form, and how you change from one to the 
other. 

packaging 
The package for an rf power transistor is 

vitally important. For large power outputs, 
specialized packages that provide minimum 
lead inductance are required. Though the 
TO-39 package is widely used for low-power 
transistors such as the 2N3866 and the 
2N3553, it is not suitable for powers over a 
few watts. The next step up is similar to the 
TO-39 except it provides solid terminals 
instead of wire teads and uses a stud for 
mounting (TO-60). Examples are the 
2N3375 and 2N3632. These packages are 
shown in fig. 5. 

A much-better package is the strip-line 
opposed-emitter case, which is used in one 
form or another by most manufacturers. This 
type of package provides an isolated stud for 
mounting. This stud may be mounted direct-
ly on a heat sink without insulating washers. 
Four ribbon leads are provided; two emitter 
leads, a collector lead and a base lead. The 
two emitter leads are between the collector 
and the base leads providing excellent iso-
lation, and the fact that there are two of 
them makes it easy to provide a very low 
impedence ground. A wide ribbon is used 
for high power levels and a smaller one for 
lower power levels. The Motorola strip-line 
package is ceramic; some of the others 
are plastic. The most popular package is 
only 3/8 inch in diameter, yet can put out 
over 40 watts of power. 

circuit design 
Hams are fortunate in at least one respect 

when it comes to rf power transistors: most 
amateur circuits are narrow band, unlike the 
wideband transmitters required in com-
mercial and military a-m service. In broad-

band circuits, considerable gain often has to 
be sacrificed to obtain the wide band. How-
ever, hams can use the transistors in narrow-
band service and obtain the performance 
specified on data sheets without any great 
problem. 

The first problem that a transmitter de-
signer must solve is the frequency at which 
he will generate his signal, and at what 
level any frequency multiplication, if that is 
needed, will be performed. General com-
mercial practice seems to obtain a low-level 
signal at the output frequency, then perform 
all the power amplification at this frequency. 
There are a number of reasons for this: one 
is that in many commercial applications a 
frequency synthesizer is used, and its output 
can conveniently be at the output frequency. 
Another reason is that it is easier to design 
an amplifier stage than a multiplier. The 
information required for designing an ampli-
fier can be obtained very readily from a 
data sheet, while that for designing a multi-
plier often must be obtained by cut and try. 
For this reason, it's usually best to plan on 
having a few milliwatts, say 20 to 100, at the 
output frequency and amplifying from there. 
All of the multiplication that's needed can 
then be done at a low level. 

The next problem is whether to use a low-
frequency crystal and multiply up, or to use 
a higher frequency crystal. A low-frequency 
crystal is usually necessary in fm applica-
tions where you need to use a relatively 
low frequency and multiply by a fairly high 
number to get enough deviation for fm. 
However, for a-m or cw, it's usually best to 
use as high a frequency as is practical. Since 
very little power output is needed, you can 
use an overtone crystal and just multiply a 
few times. For instance, for two-meter out-
put a 72-MHz overtone crystal oscillator can 
pjovide a few milliwatts which then can 
be doubled. This is usually the simplest ap-
proach; more important, this high-frequency 
signal generation reduces the number of 
harmonics and sub-harmonics that you have 
to contend with. It's relatively difficult to 
eliminate frequencies every 8 MHz across 
the band, but easy to suppress ones that are 
72 MHz from the desired frequency. 

This discussion, of course, has been as-
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New Motorola bal-
anced-emitter transis-
tors In a ceramic strip-
line package provide 
up to 20 watts output 
at 400 MHz (2N5637), 
40 watts at 175 MHz 
with a 28-volt supply 
(2N5643), or 25 watts 
at 175 MHz with a 13.5-
volt supply (2N5591). 
Also available are new 
transistors that are 
suitable as drivers for 
those devices or as 
lower-power amplifiers. 

suming that you are using crystal control. 
If you use a variable-frequency oscillator, 
you'll have some other problems. Then your 
best bet is to use the heterodyne method so 
that your vfo operates at a relatively low fre-
quency and beats against a relatively high-
frequency crystal oscillator. For single side-
band, of course, this is a necessity. 

transistor selection 
Choosing transistors for use in a trans-

mitter can be an interesting task. In many 
cases, you really have very little choice. You 
may have a few transistors of a given type, 
or you may be limited in the amount you can 
spend for transistors. In this case, your 
choice will be relatively limited. And con-
siderably simplified, for that matter. In other 

cases, you'll have to decide the power output 
you want, taking into account the power 
supply that is available, and work back-
wards from this. As a practical example, a 
simple transmitter for two meters will be 
developed in the rest of this article. This 
transmitter will also be used to explain sim-
ple network design. 

Suppose we would like to obtain about 10 
watts of cw or fm on two meters to drive 
a fixed station amplifier. A 28-volt supply 
will provide the highest output. A good 
transistor choice would be the 2N5641. It 
has a minimum power output of 7 watts at 
175 MHz according to table 1. Referring to 
the data sheet, it can be seen that its output 
at 145 MHz would be much closer to 10 W. 
This transistor costs $6.40 in single quantity, 

fig. 5. Typical packages for rf power transistors; from left to right: TO-39, case 144B, case 145A, and case 
145C. The 145C case is a Vi" case; the others are '/•". 

oW 
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labia 3. Small- and large-signal performance data for tha 2N3948 at 300 MHi show tha inadequacy of using 
small-signal characterization data for large-sfgnal amplifier design. Resistances and reactances shown ara 
parallel components. That Is, the large-signal input impedance is 38 ohms in parallel with 21 pF, etc. 

OE 

class A 
Smalt-signal amplifier 

15 Vdc; I = 80 mA « 
Input resistance 
Input capacitance or inductance 
Transistor output resistance 
Output capacitance 
Power gain 

9 ohms 
0.012 pF 

199 ohms 
4.6 pF 

12.4 rfB 

CE 

class C 
Power amplifier 

= 13.6 Vdc; P = o 
38 ohms 
21 pF 
92 ohms 
S.0 pF 
8.2 dB 

1W 

a reasonable price for a transistor of this 
output. Table 4 summarizes the most im-
portant characteristics of this transistor at 
145 MHz; the values were simply taken from 
the appropriate graphs on the data sheet. 

At this frequency, the 2N5641 has an out-
put of 9 watts for an input of 0.5 watt. To 
be on the safe side, we can use the 2N3866 
as a driver, ft has an output of 1 watt at 
145 MHz wi th only 20 milliwatts of input, a 
gain of about 17 dB. This high gain is safe 
in this low-level stage, and should not cause 
any problems. A block diagram of the trans-
mitter is shown in fig. 6. 

The 20 mW of drive can be supplied by a 
small-signal transistor, such as a plastic-
encapsulated MPS3563, an excellent transis-
tor for this use, costing only $0.44. 

For high power levels, paralleled transis-
tors might be needed. If this is done, some 
type of equalizing network must be provided 
to insure that both transistors receive the 
same drive. It's usually very difficult to use 

larger or better antenna or lower loss lead-in 
to get this gain in transmitted output. 

The transistors discussed in this article 
generally operate in class C. In usual tran-
sistor practice, this means they are operating 
without any bias except that provided by the 
signal, without respect to the angle of con-
duction. Class-C amplifiers give excellent 
efficiency and high power output. They are 
also self-protecting: if you remove the drive 
from a class-C amplifier, it cuts itself off and 
does not draw current. 

Slightly more gain can be obtained from 
class-A, -AB or -B amplifiers, but only at the 
expense of higher dissipation and smaller 
output. These other classes of operation 
can provide linear operation: hence they 
can be used for amplifying ssb or a-m. A 
class-C amplifier can be used only for ampli-
fying cw or fm. 

Normally a class-C amplifier has a choke 
or rf coil connected directly between the 
base and emitter (ground), but sometimes a 

SO OHMS 
20 mW 

143 MHz INPUT 
NETWORK 

0V3866 

INTERSTAGE 
NET won* 

2N9641 

OUTPUT 
NETWORK 

50 OHUS 
9W 

14 S MHr 
SO OHMS 

20 mW 
143 MHz INPUT 

NETWORK 
/^/X'/X"/^' 
80 35 S 390 

INTERSTAGE 
NET won* 

25 SO 22 44 

OUTPUT 
NETWORK 

50 OHUS 
9W 

14 S MHr INPUT 
NETWORK 

/^/X'/X"/^' 
80 35 S 390 

INTERSTAGE 
NET won* 

25 SO 22 44 

OUTPUT 
NETWORK 

T 

fig. 6. Block diagram of a 9-watt transmitter for two meters. 

push-pull because of the problems in getting 
balanced drive. However, it should be re-
membered when considering this that only 
about 3 dB is gained by using another tran-
sistor in parallel. It might be easier to use a 

small resistor is connected in series with 
the base choke. This improves efficiency 
slightly at the expense of gain and output. 
This higher efficiency is normally not re-
quired except in battery operation or where 
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there might be problems with heat and the 
higher efficiency would reduce the power 
dissipation. 

Transistor rf power amplifiers are usually 
not neutralized. Neutralization of a transistor 
is difficult because its capacitances vary 
greatly with applied voltages. Almost the 
only type of neutralization that is used is 
emitter tuning. Here a small capacitor is con-
nected from the emitter to ground and tuned 
for maximum output. A small choke can be 
placed in the emitter lead, or, at the highest 
frequencies the emitter lead can provide 
sufficient inductance by itself. 

This emitter tuning can provide higher 
output and higher power gain, but possibly 
at the expense of instability. Emitter tuning 
is a narrow-band technique and not suitable 

*at 7 W output 

**at 1 W output 

for most commercial use. Hams can use it 
because it is not too difficult to tune up one 
transistor for maximum power output How-
ever, more conservative design does not 
accept emitter tuning. 

Grounded-emitter operation is almost 
universal in rf power design. The grounded-
base configuration is less stable, and adjust-
ments for grounded-base amplifiers are more 
critical. If neutralization is required, it's very 
difficult to implement. Grounded-base ampli-
fication might be desirable in some applica-
tions, but grounded-emitter stages are 
usually much more satisfactory. In fact, tran-
sistors such as those in the strip-Jine 
opposed-emitter package have two emitter 
leads which are connected directly to 
ground. These transistors would not be very 
convenient for grounded-base operation. 

In some rf power transistors, the emitter 
is internally grounded to the stud which 
helps reduce emitter inductance when the 
chassis is the rf ground. However, where 
the transistor is placed through a hole in a 
circuit board, the two emitter leads can 

provide shorter ground paths than an emit-
ter connected to the stud. 

matching networks 
Matching networks are used at the input 

and output of a power amplifier and be-
tween transistor stages. These matching net-
works serve two functions: impedance 
transformation and frequency selection. 
They provide an impedance transformation 
between the source and input, between the 
output load and load, and between stages. 
If a transistor had exactly 50 ohm input 
impedance or output impedance, the net-
work could be very simple, simply a large 
capacitor. However, in practice the impe-
dances are usually quite different from 50 
ohms. In high-power transistors, the input 

RIN C,N Cout 

,5 ohms* 60 pF* 22 pF* 

ohms" 35 p F " 5 p F " 

impedance is often less than 1 ohm, and the 
output impedance only slightly larger. 

The matching network also discriminates 
against unwanted frequencies. A simple net-
work usually cannot provide sufficient dis-
crimination, and it's always desirable to use 
an antenna filter with any type of transmitter 
that you connect to an antenna. 

Transformer or loop coupling is rarely 
used in transistor rf power amplifiers. This 
type of coupling is hard to adjust for maxi-
mum power output and maximum power 
transfer, particularly at higher frequencies. 
Instead, simple T networks and L networks 
are commonly used. Pi networks are rarely 
used in transistor stages because they often 
result in impractical component values, such 
as 0.5 pF capacitance or 20 nH* inductance, 
whereas other networks give practical values 
that can be used in a transmitter. 

Tuned lines and coaxial cavities provide 
high efficiencies and frequency discrimina-
tion, but they are very bulky at vhf and are 

•The nanohenry, abbreviated nH, is one-thousandth of 
a microhenry, so 20 nH = 0.020 «H. 

table 4. Characteristics of 2N3866 and 2N5S41 at 145 MHz and 28 V. 

Type Input Output Gain 

2N5641 0.5 W 9 W 12.5 dB 2. 

2N3866 20 mW 1 W 17 dB 80 
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rarely used for this reason. In the uhf region, 
circuits are often built with strip-line tech-
niques. These copper lines deposited on cer-
amic or high-frequency circuit board give 
excellent results and are used in many com-
mercial and military applications. 

selecting Q 
An important part of any rf network design 

is choosing the loaded Q. A loaded Q be-
tween 4 and 12 provides a good compro-
mise between various considerations. It pro-
vides convenient values with most networks, 
sufficient harmonic attenuation, good effi-
ciency and smooth tuning. The loaded Q, 
incidentally, is quite different from the un-
loaded Q of the components. The loaded Q 
is dependent on the reactance of the com-
ponents and the output resistance of the 
transistor. On the other hand, the unloaded 
Q is determined by the Q of the coils or 
capacitors and is far higher. 

The efficiency of a network depends on 
the ratio of unloaded Q to loaded Q. Low 
loaded Q provides easy tuning and high 
efficiency, but it also provides poor har-
monic attenuation. Very high loaded Q's 
provide excellent attenuation of harmonics 
but result in critical tuning and high circulat-
ing currents which usually result in poor 
efficiency with practical coils and capacitors. 
Since an output filter must be considered a 
necessity in modern operation, the actual 
value of Q is not critical. 

network design 
The next step is designing the required 

matching networks. There are a number of 
approaches to this problem. Perhaps the 
easiest is using an admittance chart but it 
is a little involved for this discussion. An-
other convenient one is the Motorola appli-
cation note, "Matching Network Designs 
with Computer Solutions," by Frank Davis.1 

This application note is very easy to use; 
you simpfy figure out what kind of network 
you want to use, which is dependent largely 
on the values you have to match, and look 
up the proper values in a table. 

I highly recommend that you get a copy 
of this note if you are going to be doing any 
transmitter designing. The note includes 

tables for designing with a number of differ-
ent types of networks. However, this note is 
not necessary for circuit design; it can be 
solved with simple mathematics. 

The most commonly used networks are 
shown in table 5 with the formulas that are 
used for solving them. Some of these net-
works are shown with solutions for a 50-
ohm load or source; others are suitable for 
matching any impedance to any other im-
pedance within certain limitations. Be sure 
to take note of these limitations: some out-
put networks are only suitable for matching 
impedances below 50 ohms to 50 ohms; 
others can be used only for impedances 
above 50 ohms; still others can be used 
for matching a wide range of values to 50 
ohms. 

A point to notice is that some of these 
networks call for a series representation of 
the transistor representation. The equations 
used for converting from series to parallel 
and from parallel to series are given in 
table 6. 

Often in a solution of one of these net-
works the component values that are ob-
tained are not very practical. If this happens 
another type of network will have to be 
chosen. In some cases it may be necessary 
to use two networks in series to obtain a 
practical impedance transformation. 

You may have noticed in table 4 that 
the values of the collector resistance for the 
two transistors were not given. These values 
are best computed from the power output 
of the stage and the supply voltage: 

where R L ' is the output resistance of the 
transistor, V c o is the supply voltage, and 
P0 is the power output. 

This is an approximation and does not 
account for the rf saturation voltage, but 
it's accurate enough for design. With this 
formula it is easy to figure the output resis-
tance of the two transistors: for the 2N3866, 
Rr/ = 282/(2x1) = 390 ohms; for the 2N5641, 
R l ' = 282/(2x9) = 44 ohms. 

The next step is to determine what types 
of network should be used to match the in-
put to the driver transistors, the driver tran-
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fig. 7. This 9-watt trans-
mitter for 145 MHz illus-
trates circuit design. In 
practice variable capaci-
tors would be used, of 
course. 

sistor to the output transistor, and the output 
transistor to the load. 

Referring to table 5, it appears that the 
most suitable network to match the output 
impedance of the 2N5641 to the 50-ohm 
load is the one shown in table 5A. The 
same network is also useful as an input net-
work. Note that to compute this network 
the transistor output impedance should be 
in series form rather than the parallel form 
given on most of the data sheets and in 
table 4. Use the equations given in table 6B 
to convert from parallel to series representa-
tion. Incidentally, the reactances here can 
be figured most easily from a reactance rule 
such as the Shure rule, or from a table. 

Now let's go through the whole design 
procedure using the steps listed in table 
5 A: 

1. Convert the parallel form to series (see 
table 6B): 

R - A 

A P 

To use this formula we need to find Xp, the 
reactance of a 22 pF capacitance at 145 MHz. 

1 1 v — 1 — J 
p 2irfC 2tt (145 x10«) (22x10-

= 50 ohms 
This can also be found with a reactance slide 
rule or table. 

Therefore, 
4 4 R s 

, <-44 X : 
= 25 ohms 

X s -- R s (-^2-) = 25 = 22 ohms 

2. Let Q L = 5. This will provide adequate 
harmonic attenuation and practical compo-
nent values. 

3. With R0 = 25 ohms and XCo = 22 ohms 
by step 1, calculate: 

B = R 0 (1 + Q L
2 ) = 25 (1 + 5 2 ) = 6 5 0 

- / F W 6 5 0 

50 
- 1 = 3.5 

4. Then 

X L = Q l R o + x c 

and L — 300 nH by a reactance chart or by 
X/2rf. 

= AR L = (3.5) 50 = 175 ohms 

and C2 = 6.4 pF (by a reactance chart or rule) 

V _ B c. . 6 5 0 

^ Q l ~ A ~ 5 - 3 . 5 

and C 2 = 2 .5 pF. 

= 430 ohms 

50 

Similar computations are performed for 
the input and interstage networks. A Q of 5 
is also useful here. The complete circuit of 
the transmitter is shown in fig. 7. 

Once you have determined the proper 
inductance values for the transmitter coils 
you must obtain the coils. For low-frequency 
circuits commercially available inductors can 
often be used. However, for most vhf use 
you must wind your own. Most radio hand-
books give instructions for this simple oper-
ation. Use large wire sizes for lowest losses 
and be sure to check the inductance with a 
dip meter and known capacitor. 

Other transmitters designed with similar 
networks are shown in fig. 8 and fig. 9. They 
illustrate the capabilities of modem rf power 
transistors. 
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tabl* 5. Matching network*. 

ISO+ 10) >*L 

fT7 

semes KEPnESENTATKH 

A. Input or output matching network. 

1. Convert the parallel form of impedance to 
series form if needed. 

2. Select a Q ^ (usually 5 to 10; see text) 

3. Compute: 

B = R <1 + Q ») 
o L 

J R L 

4. Then 

X 0 1 Q - A 
L 

amplitude modulation 
If you are building an a-m transmitter 

the modulation system is quite important. 

Low-level modulation is not recommended 

because it's inefficient. There are two major 

methods of high-level modulation of an a-m 

transmitter, transformer modulation and 

series modulation. Series modulation re-

quires a supply voltage of twice the voltage 

required for the transmitter: an audio-fre-

i 1 

Cl L 

mmm£L IMPEDANCE 

B. Interstage matching network. This network is use-

ful when Ro is greater than Ri (which is almost always 

true). 

1. Select • O ^ 

2. Compute A = Ri (1 -f Q L
S ) 

3. Then X T = CL Ri L L 

x c i = * c o / X ~ T 
J Ro 

A 

quency power transistor in series with the 

supply to the ouput stage of the transmitter 

operates as a variable resistance modulating 

the transistor output of the transmitter. This 

method does not use any transformers, but 

it requires twice the supply voltage that is 

needed for transformer coupling. 

Transformer coupling is more convention-

al but it is usually difficult to find a suitable 

modulation transformer. Since relatively high 

current passes through the windings, a spe-

cial transformer must be made in cases 

where the power levels over a watt or two. 
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You also have to be careful in transformer 
coupling so you don't apply too much sup-
ply voltage to the rf power transistor. 

It is usually necessary to modulate not 
only the output stage in a transistor trans-

ftfl. 9. 25-watt, 175-MHz transmitter designed for a 12.5-volf power supply (from Motorola AN-49S). 

modulation to the driver, and only upward 
modulation to the pre-driver, as shown in 
fig. 10. The diodes limit the modulation 
applied to the predriver stage to upward 
modulation. 

mitter but also the driver, and in some cases 
previous stages. This can be done by apply-
ing full modulation to the output, partial 

table 6. Series-parallel conversion. 

r h 
WJ 

L j J 

A, To convert a serial representation of impedance 

to a parallel combination of resistance and reactance: 

r p = r S [ i + ( f r r 
s 

B. To convert a parallel combination to its series 

equivalent: 

*S - R S 

where R „ is the parallel resistance, R Is the series 
P B 

resistance, X is the series reactance, X is the 
s * 

parallel reactance. 

X = 2^1. for inductance 

X = ^ for capacitance 

Modulating all these stages is necessary 
because the gain of a power transistor is low 
enough that there is significant feedthrough 
from earlier stages. For example a transistor 
with 10 watts of ouput may have another 
watt contributed by the driver stage. If this 
stage is not modulated it will limit the maxi-
mum possible percentage of modulation. 

thermal design 
An important part of the design of high-

power transistor transmitters is its thermal 
aspects, or determining what size heat sink 
should be used to prevent the device from 
getting too hot and destroying itself. For 
relatively low-power transmitters this is not 
a great problem, and connecting the stud 
to a metaJ chassis is adequate for powers 
below about 15 to 20 watts. For higher pow-
ered transmitters, more attention should 
be paid to this topic. Thermal design at rf 
is similar to that at lower frequencies. How-
ever, the heat sink must also provide a good 
path for rf in some types of construction. 
Provision may afso have to be made to dis-
sipate considerable extra heat during 
periods of mismatch or detuning. 

practical construction 
An important part of building a transistor 

transmitter, particularly for the vhf range, is 
using very short leads. The fact that wide 
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ribbon leads are provided for the transistors 
indicates the importance of this fact. The 
emitter leads in particular should be as short 
and direct as possible. An emitter resistor 
should not be used with balanced-emitter 
transistors since this is already provided in-
ternally. For some other types of transistors 
where insufficient protection is provided 
against load mismatch a small emitter re-
sistor may be used. However, this resistor 
will reduce both power gain and power out-
put. 

Bypassing is critical in a high-power tran-
sistor transmitter due to the very low im-
pedances involved. The best approach to 
bypassing power leads is multiple capacitors. 
A good technique is to use a feedthrough 
capacitor with other capacitors in parallel 

prt£*Hn.ina> tmmiven driver OUTPUT 

fig, 10. Modulation system providing full modulation 
to the output amplifier, partial modulation to fhe 
driver, only upward modulation to the predrlver, and 
constant B + to the preamplifier (from Motorola Ap-
plication Note AN-481). 

with it. For example, a 1000-pF feedthrough 
with a 0.1 MF disc ceramic capacitor and a 
10-/»F electrolytic capacitor in parallel helps 
assure good bypassing. (But don't use too 
much capacitance if you're applying audio 
for modulation.) 

A good material for the chassis of a trans-
mitter is copper or brass plate, or copper-
clad printed-circuit board. If printed-circuit 
board is used be sure that an adequate 
heat sink is provided for the transistors. 
With these materials, components can be 
soldered directly to the chassis, assuring 
good grounds. 

The input of each transistor should be 

isolated from its output as much as possible; 
in some cases, a shield may even be neces-
sary where high gains are used. 

The chokes used in a transistor transmitter 
should not have high Q; low-Q chokes help 
avoid many problems. If a high-Q choke 
is used in the base lead, for example, the 
transistor can take off at lower frequencies. 
Ferrite-core chokes are excellent in many 
cases. Ferroxcube VK-200 chokes are often 
recommended. Another approach is to use 
a couple of ferrite beads in series with an-
other choke or even in series with just a 
small resistor or a piece of wire. In most 
cases, some experimentation is necessary to 
determine the best kind of choke. It's often 
a good idea to put a small resistor (10 ohms 
or so) in parallel with the base choke. 

The coils and capacitors that are used in 
the collector circuit should be suitable for 
the high circulating currents. Don't forget 
that in a transistor transmitter currents are 
often many amperes and even a very small 
dc resistance can cause high losses. 

One other problem with any type of vhf 
equipment, and one that is not well recog-
nized by many amateurs, is the fact that 
resistors and capacitors have different values 
at high frequencies than they do at the fre-
quencies where they are measured. For ex-
ample, a 100-pF silver-mica capacitor can 
have a much higher capacitance at 2 me-
ters. Unfortunately, most hams do not have 
facilities for measuring capacitance accu-
rately at high frequencies. 

If you have access to a good vhf bridge 
or a slotted line you can determine the 
actual value of a capacitor at the frequency 
of interest. Lacking this you may be able to 
use air variables; their capacitance varies 
much less than silver mica and ceramic 
capacitors. 

In most cases it's possible to avoid resis-
tors in places in the circuit where they are 
subjected to rf. This can be accomplished 
by careful circuit design. 

One other important consideration in 
transmitter construction is the use of a low-
pass filter in the antenna lead, or even bet-
ter, a bandpass filter. This is necessary in 
vacuum-tube transmitters to avoid interfer-
ence with tv sets and other communica-
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tions. It's even more important in a transis-
tor transmitter where the circuits tend to 
have lower Q. 

adjustments 
A few hints for testing a transistor trans-

mitter: rule number one is not to apply any 
power to a stage unless it's properly loaded. 
This means a dummy load suitable for the 
power level you are using. Light bulbs are 
not satisfactory; a Heathkit Cantenna, lossy 
coax cable or other good 50-ohm load is. 

It's also a good idea to reduce power 
when you first tune up a transmitter; half 
voltage is enough. Adjust the tuned stages 
to approximate resonance if it's practical, 
since applying drive to a transistor without 
tuning its output circuit can cause problems. 
Probably no damage will result, though, if 
collector voltage is not applied to the 
transistor. The very low impedance of the 
base circuit makes it very difficult to develop 
enough voltage across it to blow out any-
thing. 

The usual way to tune a cw transmitter 
is to adjust it for maximum output with a 
wattmeter or dummy load and field strength 
meter. A better way is to look at the output 
on an oscilloscope. This can be done either 
with a direct connection to the plates of 
the oscilloscope, or with a mixer that will 
transform the high output frequency down 
to a frequency where your scope is usable. 
The mixer for this application does not need 
to be very complex. It's sometimes possible 
to use a receiver in this way if you're sure 
you're not overloading it. 

It's a good idea to listen to the transmitter 
on your receiver at the output frequency. 
This will let yoU hear if any weird oscillation 
shows up. However, to have realistic results 
make sure that your receiver is not over-
loaded. A typical mufticonversion vhf re-
ceiving system is very susceptible to over-
loading and all sorts of images. A simple 
diode detector and amplifier is probably 
more satisfactory for this application than 
your high-gain, low-noise converter. 

Adjusting an amplitude-modulated trans-
mitter is more difficult. Here you should 
tune for maximum upward modulation and 
least distortion, rather than simply maximum 

power output. The two rarely correspond. 
Here again, looking at the signal on a scope 
and listening to it are imperative. 

Linear amplification is the most difficult 
of all. Here you should tune for minimum 
distortion. A scope is necessary; a spectrum 
analyzer is very useful if you can get one. 
If you're not careful with a linear amplifier, 
particularly in single sideband service, you 
may end up with a very high distortion and 
many spurious outputs. 

In adjusting a transistor transmitter it's a 
good idea to use a regulated power supply, 
at least for initial adjustments. Most transis-
tors are very sensitive to changes in supply 
voltage and you will get inconsistent results 
if your power supply voltage varies much. 

conclusions 
This article has described the present 

state of rf power transistors and how they 
can be used in ham equipment. It has not 
gone into great depth in any subject; how-
ever, the list of references provide more in-
formation on the design and use of rf power 
transistors. Although rf power transistors are 
still relatively expensive, they are practical 
and should be carefully considered for use 
in your transmitting equipment. 
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second-
generation 

fet converter 
for 

10 to 40 meters 

This bandswitching 

converter 

has improved stability 

and is much smaller 
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This 40- through 10-meter convener, was 
built as a design projeci for the 18th edition 
of the Radio Handbook."- Perhaps the most 
startling impression this converter offers it its 
small size. It would be difficult indeed to 
build a bandswitching converter covering 
this range into a smaHer enclosure. 

28 jJjgj january 1970 



design features 
The design (fig. 1) was based on ex-

perience obtained from the previous model. 
This converter uses the simple bandswitch-
ing method of adding capacitance or in-
ductance to a tuned circuit. An unneutral-
ized rf amplifier is used, and no tuned cir-
cuits are switched in the oscillator. 

The converter is less than one-quarter the 
size of its predecessor; however, it doesn't 
contain a power supply although it does 
contain its own change-over relay, which 
switches the antenna between converter 
input and input to the i-f strip. A dual-gate 
mosfet is used in the rf amplifier. This tran-
sistor has a feedback capacitance less than 
0.03 pF, which means improved stability 
over the previous converter design. 

The dual-gate transistor also allows this 

Layout of oscillator output coils and mixer stage. 
Note change-over relay on bottom lip. Also note 
Teflon feedthrough terminals on shield section. 

converter to be controlled by age voltage, 
which is supplied to the mosfet second gate. 
Minus 1 volt is sufficient to cut off the tran-
sistor. The converter is completely broad-
band; the necessity for peaking tuned cir-
cuits on each band has been eliminated. 
So, the construction of a "second generation 
model has been justified—belter stability, 
easier operation, age control and much 
smaller size. 

The converter receives amateur bands 

through 10 meters and converts them to 80 
meters merely by turning the bandsvvitch; 
no tuning is necessary. Input and output 
impedances are small, allowing the con-
verter to be connected through random 
lengths of coaxial cable. Tuned circuits al-
low the complete 10-meter band to be 
covered, but only 500 kHz at a time, de-
pending on the oscillator crystal frequency. 

The rf amplifier is a common-source 
amplifier, unneulralized, designed basically 
as a 20-meter amplifier. To allow it to pass 
other bands, capacitance or inductance is 
switched across the tuned circuits. These 
tuned circuits have a 500 kHz bandpass on 
each band. On 10 meters, some loss in gain 
will be noticed if the 10-meter circuits are 
not retuned as crystals are changed to cover 
the different parts of the band. This method 
of bandswitching makes alignment very 
simple; only half the usual number of switch 
decks are necessary. Stability is assured by 
(1) using a transistor with a very small feed-
back capacitance, (2) using ferrite beads on 
amplifier input and output leads to reduce 
parasitic oscillation, and (3) eliminating 
amplifier tuning after initial adjustment. 

The mixer is also a common-source ampli-
fier: a jfet wilh both injection inputs applied 
to its single gate. This is a reliable and simple 
circuit. It's identical to that of the mixer in 
the original version. 

The oscillator uses a bipolar transistor that 
has a rather interesting output circuit. Out-
put impedance, offered by rf choke L4, in-
creases in reactance as frequency increases. 
Output voltage is thus increased to compen-
sate for any high-frequency losses. 

The crystal for the 10-meter band will 
probably be an overtone type. A 24.5 MHz 
tuned circuit is included in the output to 
pick off the proper overtone. This tuned 
circuit is a short circuit at all but its resonant 
frequency. A similar tuned circuit was also 
included for 15-meter operation after initial 
tests indicated the presence of a 20-meter 
image. This circuit affects operation only 
when the oscillator is switched to 15 meters. 

construction 
Because of its size, construction of the 

converter may appear difficult. However, ifs 
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C I 10 - 60 pF piston (Voltronlcs TM-60C) 

L1 24 turns no. 32 closewound on Cambion 2022-2 
form 4 /iH, Q = 50. Link is 5 turns on 32 on cold 
•nd 

L2 20 turns no. 32 closewound on Cambion 2022-3 
form 3.4 |iH, Q = 50 

L3 11 turns no. 32 closewound on Cambion 2022-3 
form 1.4 JJH, Q = 50 

L4 Rf choke, 1 mH, 35 mfl. (Superex M-10) 

L5 40 turns no. 32 closewound on Cambion 2022-2 
form If j j i , Q = 50. Link is ID turns no. 32 on 
cold end 

fig. 1. Schematic of the second-generation fet convt 
and age control. 

one thing to look at the photographs and see 
many components crowded into a small 
space; it's something else to have an empty 
box into which must be wired some very 
small components. With care and planning 
construction should proceed quite smooth-
ly. While the converter is easy to build, 
mistakes will be extremely difficult to cor-
rect. Each step should be carefully checked 

16 10 turns no. 32 closewound an Cambion 2022-3 
form. Resonates with 33 pF at 24.5 MHz. 

L7 15 turns no. 32 closewound on Cambion 2022-2 
form. Resonates with 27 pF at 17.5 MHz 

S I 2-section, 6-pole rotary switch (Centralab 2021) 

XI 3.5 MHz crystal 

X2 10.5 MHz crystal 

X3 17.5 MHz crystal 

X4 24.5 MHz crystal 

Dual-gate igfet rf amplifier allows improved stability 

before proceeding further. 
The photographs show the layout. If time 

is taken to position components in each 
stage before wiring (including the shield 
partitions between stages) everything will 
fit quite neatly. 

Looking at the photos, the three coils at 
the right rear are the rf amplifier coils; those 
at the left rear are the mixer coils. The 
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oscillator coils are at the front right, and 
the 40-meter piston capacitors are on either 
side of the bandswitch. 

The photograph of the interior shows parts 
of the interstage shielding between the rf 
amplifier and the mixer. The change-over 
relay is mounted on the bottom lip of the • 
converter. (This relay is from a military 
transponder and is about the size of a crys-
tal; however, any dpdt relay that will fit 
will do.) 

The rf amplifier should be wired first, after 
first drilling holes for all major components, 
including shields. The shields should be pre-
shaped, and the push-in feed-through termi-
nals should be installed before the shields 
are mounted. Each coil should be checked 
for continuity, and each tuned circuit should 
be grid-dipped as each bandwitch section 
is wired. This should be done before the 
transistors are plugged into their sockets. 

A very small soldering iron should be used, 
with a low-melting-point solder. Very nar-
row needlenose pliers are a must. 

Miniature coaxial cable is used to route 
the signals around the relay. Care should 
be taken not to overheat this cable during 
installation. To limit power drain, the relay 
draws power only when the bandswitch is 
turned to the 80-meter position. 

alignment 
Alignment is quite simple and can be 

done without any instruments except a re-
ceiver. Switch the converter to 20 meters 

Four-band fat converter Mark II. 

and the receiver to the middle of the 80-
meter band. Connect an antenna to the con-
verter, and peak the 20-meter tuned circuits 
on a received signal, starting with the mixer. 
Switch the converter to 40 meters, and peak 
the piston trimmer capacitors for maximum 
received signal, mixer first. 

Now to 10 meters. The alignment here is 
a bit more involved, as the mixer tuning 
and the oscillator tuned circuit will both 

Rf-ampllfier section. 40-meter piston trimmer is 
shown in front, next to bandswitch. 

affect the output. Find the correct beat fre-
quency first with the mixer coil, adjust the 
oscillator coil for a peak in signal, then ad-
just the rf amplifier for maximum output 
signal. Now switch to 15 meters, and repeat 
the 10-meter sequence with the 15-meter 
circuits. If any sign of a 20-meter image 
appears on 15 (an ssb signal will appear to 
be on the "wrong" sideband), adjust the 
15-meter oscillator tuned circuit to reject 
the image. 

This completes the alignment of the con-
verter. As for your severe case of eye strain, 
you might consult the "ham notebook" item 
on page 67 of the August, 1969 issue of 
ham radio. 
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random-length 

antenna couplers 

Solutions to the 

antenna-matching 

problem 

using proven 

switching circuits 

With a few basic components you can build 
an antenna coupler that wil l couple a trans-
mitter to almost any antenna length on any 
band. The key to this coupler is to use all 
the possible interconnections between the 
coupler components. 

When using a random-length wire for an 
antenna, either in a portable or fixed station, 
the usual procedure is to build a pi-network 
coupler to match the antenna to a transmis-
sion line or transmitter designed to work 

«« into a fixed antenna impedance (usually 50-
g 70 ohms). 
« The pi-network is capable of matching a 
.a wide range of impedances, including some 

reactive antenna loads, to a fixed-impedance 
g transmission line or transmitter—once the 

proper component values for the network 
are determined. However, it's not always the 
most economical or efficient circuit, espe-

»> daily if a random length of wire is used on 
I; several amateur bands. Also, if the antenna 

wire length changes drastically, as in por-
table operation with unpredictable geo-

u graphical restraints, the fixed pi-network can 
§ require considerable readjustment before 

proper antenna tuning results. 
N The problem is that one often tries to 

put too much flexibility into a circuit using 
,| j components of a fixed (finite) value. Chang-
•g ing component values beyond their normal 
" ! variable range is impractical. Therefore, the 

only other solution is to alter the circuit for 
SL greater matching flexibility. 
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This article explores the range of cou-
pling circuits using up to three components 
(two capacitors and one coil or two coils 
and one capacitor). The variety of possible 
circuits will surprise those used to the fa-
miliar pi-network as being the only useful 
three-component matching network. 

These circuits are presented as impedance-
matching devices only. They vary greatly in 
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fig. 1. Matching networks that use one 
inductor and two capacitors. 

their ability to attenuate harmonics (the pi-
network ranks high in this category). How-
ever, assuming you have a reasonably 
harmonic-clean transmitter and are con-
cerned only with coupling for maximum 
power transfer to a. random-length antenna, 
many of the circuits should be very useful. 

circuits containing a single inductor 
Fig. 1 shows circuits using a single in-

ductor and two capacitors. Notice that some 
are simply others "turned around." They 
should not be disregarded, however, because 

either an impedance step-up or step-down 
between antenna and transmitter or vice-
versa may be necessary. Each circuit rep-
resents a specific matching network 
possibility. 

The range of reactive impedances a circuit 
can match depends on frequency and the 
range of the variable components. Often it 
will be found that more than one circuit 
will easily match the same antenna load to 
a transmitter. Deciding on the best circuit 
is covered later. 

multicircuit switching 
An antenna coupler can be built with 

sufficient switching capabilities to use all 
ten of the possible combinations shown in 
fig. 1. All circuits except one can be con-
structed with one side of one of the vari-
able capacitors connected to ground. This 
greatly simplifies construction since only 
one "floating" variable capacitor is required. 

Fig. 2 shows a circuit that allows switch-
ing for 9 of the 10 circuits shown in fig. 2. 
Practical component values for a typical 80-
10 meter coupler are also noted on the 
diagram. The switch has only 5 positions; 
the other coupler circuits are formed by 
reversing the coupler connections. Thus, for 
each switch position, the coupler has to be 
tried both forward and reversed. An internal 
reversing switch would probably be worth-
while for portable use where the antenna 
length or band is frequently changed. 

component ratings 
The voltage rating of the capacitors, switch 

insulation, and coil depend a great deal on 
the use to which the coupler will be put. 
Transmitter power level and the range of 
antenna reactances are significant. The com-
ponents in fig. 2 should work well with a 
100-150 watt transmitter with almost any 
antenna length. For higher power, capacitors 
with larger spacing and a heavy coil will be 
necessary if very short antennas are to be 
matched without arcing. The cost of such a 
coupler, unless surplus components are used, 
can be very high for transmitters having 
more than a few hundred watts output. It 
might be better in this case to use a loaded 
antenna. 
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construction 
The construction of the coupler entails 

no particular precautions. Since harmonic 
attenuation is not a consideration, the cou-
pler can be installed in a plastic container. 
This immediately solves the problem of 
ground-floating variable capacitors. The 
switch should be wired with the same size 
wire as the coil. Leads on the switch sections 
should be as short as possible. The wiring 

wide range of impedance-matching capabil-

ities can be made using the circuits of fig. 3 
if each inductor has a maximum value of 

10-20 mH and the variable capacitor has a 

range of 350 pF or more. This should permit 

matching a 16- to 20-foot or rod wire on 80 

meters without difficulty. The cost of such a 

coupler can be fairly high if new commercial 

components are used. If you use surplus 

components, such as the capacitors and 

fig. 2. Nine of the ten 
circuits shown in fig. 1 
can be formed with this 
circuit (the tee network 
with the two floating ca-
pacitors is the excep-
tion). 
Capacitors C1 and C2 
are 250-pF air variables 
(Hammarlund MC -250-M); 
the inductor is a B&W 
3900, 5 to 6 inches long, 
tapped With a spring 
clip. 

should present no problem if the scheme 

shown in fig. 2 is followed. 

dual-Inductor circuits 
Matching circuits using two inductors and 

one variable or fixed capacitor are shown 

in fig. 3. These are the equivalent of the 

single-inductor, two-capacitor circuits of 

fig. 1, but they do have some different 

features. 

With extremely short antennas (one-

eighth wavelength or less), some of the 

fig. 3 circuits will give superior coupling 

efficiency—provided the inductors have low 

ohmic losses. This is very important, as dis-

cussed below. 

The high circulating currents in a net-

work matching an extremely short antenna 

could be 20-50 amperes. This would produce 

serious l2R losses. With a fixed antenna 

length, the only way to reduce these losses 

is to construct the coupler with components 

having the lowest possible losses for the 

frequencies involved. 

Antenna couplers having an extremely 

roller inductors in BC-191 and BC-375 units, 

very good couplers can be constructed at 

moderate cost. Alternatively, the inductors 

can be made from 1/8- or 1/4-inch copper 

rod or tubing to provide a 10-20 pH 

inductance. 

In any case, when dealing with extremely 

short antennas, I 'd suggest a hard-wired in-

terconnection of the coupler components 

rather than a switching arrangement. It's 

difficult, but all-important, to remember that 

with such an antenna you're dealing with 

very high currents with even a medium-

power transmitter. With circulating currents 

of 40 amperes, for instance, it takes only 

0.1 ohm in the inductors or connections to 

the matching network to throw away 160 

watts of power in heat toss. 

The contact resistance of many simple 

switches exceeds this 0.1-ohm value, and 

this fact alone explains why many well-

constructed couplers seem ineffective when 

used with extremely short antennas. (Mobile 

enthusiasts take note.) The advantage of low 

ohmic resistance components in a coupler 
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for extremely short antennas cannot be over-
emphasized. That's why military couplers use 
oversized components for moderate power 
levels. 

tuning and adjustment 
If you have only a pi-network available 

as an antenna coupler, the usual procedure 

would be to adjust it for minimum standing-

wave ratio (swr). Indeed, this would be the 

fig. 3. Matching networks that use one 
capacitor and two inductors. 

only possible matching adjustment when 

tuning up a transmitter with a pi-network 

antenna coupler. 

When using a coupler of the type in fig. 2 

with random-length antenna wires (30 feet 

or more), note that several coupler forms 

on the same band might produce a mini-

mum swr. In each case all coupler compo-

nent values should be adjusted to achieve a 

minimum swr when the coupler is set for 

a specific circuit form. The same situation 

will often occur when using the coupler 

forms shown in fig. 3. 

swr and field strength 
Min imum swr doesn't necessarily mean 

maximum radiated power. Min imum swr can 

result from transmitter power completely 

transferred to the antenna, completely ab-

sorbed in the coupler network, or any con-

dition in between. The only way to de-

termine what is taking place is with a field-

strength meter. 

The field-strength meter should be placed 

away from the coupler's immediate field. 

It doesn't matter which coupler circuit is 

tried first, as long as the sensitivity control 

on the field-strength meter isn't touched 

once a reading has been established for a 

particular coupler circuit. Other coupler cir-

cuits should be compared against the first, 

which is established as a reference, until 

one is found that produces the greatest field 

intensity. 

After you determine which coupler circuit 

produces the lowest swr with greatest field 

strength on a given band, you can log the 

coupler settings for changing bands quickly. 

The time spent in initial setup to determine 

the optimum coupler circuit with each dif-

ferent antenna or ground connection will be 

worthwhile. 

The matching networks shown can be 

used on any band, but the unconventional 

types will find their greatest application on 

the high-frequency bands when used with 

odd-length antennas. For simple situations 

where an impedance match is desired and 

no reactive components are involved, a sim-

ple L or pi-network generally suffices. The 

latter circuit also has some harmonic sup-

pression as well. 

grounds 
A good ground connection is always desir-

able when using a random-length antenna, 

particularly if the antenna is less than a 

quarter wavelength long. In portable work, 

care should be taken to check the radiated 

field strength both with and without the 

ground connection. It's possible to have a 

ground connection that will actually reduce 

the radiated signal. You could lay a wire 

along the ground as a substitute for a radial 

system. In any event, the installation should 

be checked with a field-strength meter, as 

described above. 

ham radio 
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power supply protection 
for your 

solid-state 
circuits 

Many amateurs have learned, by unpleasant 
experiences, that transient voltage spikes and 
solid-state devices make a disastrous com-
bination. A number of schcmes have been 
advanced for limiting (if not eliminating) 
the deadly effect of even a moment's over-
voltage. These vary from selenium clipping 
diodes to RC spike absorbers. Most work; 
some don't, which accounts for the thriving 
business in replacement diodes. Usually, the 
failure can be traced to omission of a pre-
caution against an unexpected source of 
overvoltage. 

A failure-proof device is now on the mar-
ket, designed to give peace of mind to the 
user of solid-state devices. It's sold under 
the trade name Paraformer™ (derived from 
parametric transformer). A number of desir-
able functions are combined in this unique 
transformer. It will regulate changes in line 
voltage and changes in load. You can feed 
it sine waves, square waves, or waves with 
superimposed modulation; in each instance, 
the output is a sine wave (or nearly a sine 
wave). You can hit it with a voltage spike 
running into thousands of volts without af-
fecting its sine wave output. It also atten-
uates (by 50 d!3) all types of noise up to one 
megahertz. With the addition of electro-

static shielding (normally not required), its 
noise-reduction capability is effective far 
into the megahert2 region. 

| , . l t , 3 e surges 
^ A significant feature is that turn-on and 
| turn-off time is not instantaneous. Approxi-

•g mately 6 cycles are required for the voltage 
^ to build up from zero to 117 V and for the 

voltage to decay to zero when the input is 
§ switched off. Think what this means. No 
"i longer do you have to worry about elaborate 
^ circuits to sense when a waveform is passing 
^ through zero and break the circuit at that 
8 point. You can turn on a simple switch at 

any time with full confidence that the volt-
age will increase slowly enough to avoid any 

$ trace of a spike. Quite probably you can 
Z delete surge-limiting resistors between recti-
$ fiers and filter capacitors. At least the initial 
^ surge shouldn't be too drastic. What hap-
5 pens after that depends on how much of 
^ the charge you drain out of the capacitor 
jji between charging pulses. 
£ 

S how it works 
a . Conventional transformers used at power 

frequencies consist of two coils (primary 
<3 and secondary) wound on a common core of 
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magnetic material. A current flowing in the 
primary creates a magnetic field consisting 
of lines of force (magnetic flux) that link 
with the turns of the secondary. If a load is 
connected to the secondary, the mutual 
inductance of the two coils will cause a 
voltage to be induced in the secondary. 

The common transformer is a fairly effi-
cient energy-transferring device, but it has 
one serious disadvantage. Because it operates 
on the principle of mutual inductance, it 
cannot discriminate between noise and 
transients appearing on the input voltage. 
It transforms noise and spikes just as effi-
ciently as the applied voltage. 

The Paraformer also has a primary and 
secondary coil wound on a magnetic core. 

SECONDARY FLUX 

fig. 1. The Paraformsr line conditioner. Cores are 
oriented at 90 degrees, eliminating mutual induction 
between windings. Resonant circuit is formed by LC 
of secondary, which is modulated, or "pumped," by 
primary flux forming a parametric oscillator. 

But the big difference is that the Paraformer 
is designed to have zero mutual inductance 
between primary and secondary. This is 
achieved in a novel manner, as shown in 
fig 1. 

The core consists of two elements posi-
tioned at 90 degrees with respect to each 
other. Note, however, that both coils share 
some of the common core material. 

The opposition to flux linkage in a mag-
netic circuit is called reluctance, In the 
Paraformer, the reluctance of the secondary 
winding, and hence the energy transfer, is 
varied in a controlled manner. This is known 
as "pumping" the secondary. In fig. 1, note 
that the secondary coil and capacitor form 

a parallel resonant circuit at some frequency, 
f. If the reluctance of the secondary, and 
hence the flux coupling, is varied at 2f; and 
if the pump frequency is exactly in phase 
with that of the input voltage; then a phase-
locked oscillator results. 

The energy supplied at 2f, which pumps 
the secondary, controls circuit impedance 
in a manner to increase the power at f. The 
important difference between the Paraform-
er and other transformers, including the 
ferroresonant transformer, is that energy is 
transferred between primary and secondary 
at frequency, f, without transferring voltage 
spikes or noise that may appear on the input 
voltage. This is because energy transfer is 
obtained by a controlled input (pump) sig-
nal that's phase locked to the output. Thus 
output power is noise free and remains 
constant, even when input power momen-
tarily drops out. Further details on the Para-
former are available in reference 1. 

These line conditioners, as they're called, 
don't cost much more than an ordinary 
regulated power supply. But what a differ-
ence! For example, the PEC-60 (shown in 
the photo) has features unheard of in an 
ordinary regulated sijpply. Protection 
against over-voltage withdut external sen-
sing devices is probably th^ most important 
feature for amateur work. If you carelessly 
plug it into a 220-volt line, its output in-
stantaneously drops to zero. No blown fuses; 
no ruined transistor circuits. If power is 
continuously demanded by the load, output 
ceases, because the parametric oscillator 
won't function. Conversely, if input voltage 
is low, the parametric oscillator will not re-
ceive enough power to overcome circuit 
losses. Consequently, no oscillation will oc-
cur, and output voltage drops to zero. Be-
tween extremes of under- and overvoltage, 
the Paraformer continues to regulate at its 
design center. 

references 
1. Wanlass Electric Co., "Recent Technical Articles 
on Parametric Power from: EDN (Electrical Design 
News), Engineer/Scientist, Electromechanical Design," 
Wanlass Electric Company, 2175 South Grand Avenue, 
Santa Ana, California 92707 
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logarithmic 

speech processor 

An addition 

to your phone rig 

that will increase 

average power 

by8dB 

without distortion 

Many articles have been published describ-
ing speech clippers, rf clippers, automatic 
level-control circuits, and other methods of 
obtaining higher average transmitted power 
without creating spurious radiation. The 
speech processor described here also does 
this, but a different method is used. 

The human speech waveform has a very 
low average-to-peak power ratio. The peaks 
are several times greater than the waveform's 
average amplitude, and the peaks are of very 
short duration. The power in these peaks is 

| a very small portion of the waveform's total 
£) power because of the short durations of the 
£ peaks. If we can in some manner control the 
.2 peaks to increase the average-to-peak ratio in 
2 the waveform, we will add little distortion 

and much power to the transmitted signal, 
c At this point, I suppose I could become in-
^ volved in the argument between high-fidelity 
|| and communications-quality enthusiasts, but 
jg I won't go into that now. Let me say that 

the speech processor described here can be 
Q adjusted to suit almost every taste in signal 
* quality and will, in every case, increase the 
£ average transmitted power. 
< 

S speech clippers: pro and con 
Most speech and rf clippers work on the 

same basic principles. When the speech or rf 
waveform exceeds a predetermined ampli-

^ tude, the remaining waveform is clipped 
from the output. This system has been used 
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in many commercial and home-built trans-
mitters, but it has two disadvantages. First, 
the clipping level is usually fixed. This 
means clipping varies with how loud you 
speak into the microphone. This can have a 
drastic effect on the amount of distortion in 
the output. When speaking loudly into the 
microphone, the average amplitude may ex-
ceed the clipping level. Thus, most of the 
speech intelligence is eliminated from the 
waveform. This makes the signal loud but 
very difficult to copy.1 

The second disadvantage is that harmonic 
distortion is created by clipping. Since clip-

fig. 1. Basic circuit of the logarithmic speech pro-
cessor. A high-gain amplifier provides a current 
source to drive a pair of diodes connected back-to-
back. 

ping results in an abrupt change in the rate 
of rise of the speech waveform, many odd-
order harmonics are generated. The clipped 
portion of the waveform resembles a square 
wave, and a perfect square wave contains an 
infinite number of odd harmonics of the 
fundamental frequency. 

These harmonics can cause an excessively 
wide signal. They can be eliminated by a low-
pass filter at the clipper output, but this 
adds to the size and cost of the unit. Filter-
type single sideband transmitters limit the 
transmitted signal bandwidth automatically, 
but the problem of the fixed clipping level 
remains. 

Both of these disadvantages can be elimi-
nated by the logarithmic speech processor, 
which eliminates the abrupt change in the 
waveform and eliminates the problems 
caused by the discrete clipping level. 

the logarithmic converter 
With this system, the waveform's average-

to-peak ratio is increased by the logarithmic 

conversion of the speech waveform. Its out-
put voltage is proportional to the logarithm 
of the input voltage. Thus, the abrupt 
change in the waveform is eliminated, be-
cause the log conversion is continuous and 
smooth. No specific clipping level predomi-
nates to cause harmonic distortion. The bas-
ic circuit is simple and can be used with am, 
fm, or ssb transmitters without filters or oth-
er accessories (fig. 1). Logarithmic conver-
sion is accomplished with a current source 
and a pair of germanium diodes. The char-
acteristic curve for a common small ger-
manium junction diode, the 1N34A, shows 
a smooth logarithmic response on voltage 
versus current (fig. 2). 

operation 
The voltage across the diode is propor-

tional to the log of the current through it, 
so a current source is necessary. This is a 
high-gain voltage amplifier, which drives the 

fig. 2, Curve for a common germanium diode 
(1N34A). Logarithmic transition of output voltage 
versus input current is smooth and continuous. 

diodes through a high resistance. The am-
plifier output is about six volts p-p. With a 
22 kilohm series resistor, this represents 
about 360 p.A p-p available to the diodes. One 
diode conducts during the negative half 
cycle, and the other conducts during the 
positive half cycle, so each diode shares half 
of the p-p current. 

Fig. 2 shows that the voltage across each 
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diode at 180 M will be about 137 mV for a 
total output of 274 mV p-p. This is more 
than enough audio to drive most transmit-
ters. 

the circuit 
The high-gain amplifier consists of an fet 

source follower input, for high impedance, 

leads are inserted through the holes, bent 
over, and soldered on the opposite side, 
printed circuit fashion (fig. 5). As with all 
high-gain, low-level circuits, leads should be 
kept short and direct; and input and output 
leads should be shielded as well as those to 
the log-linear switch. 

The transistors shown on the schematic 

•/2VOC 
WELL FILTERED 

* ADJUST RS FOR COLLECTOR VOLTAGE Of 0Z TV BE 
SLIGHTLY OVER ev tSTART WITH ABOUT I8t) 

fig. 3. The logarithmic speech processor schematic. An fet source-follower output circuit (dotted lines) is 
recommended for use with low-impedance input equipment. 

and a common emitter amplifier, fig. 3. Out-
put may be taken directly from the 1N34A's if 
the processor is to be used with equipment 
having high impedance input (250 kilohm or 
greater). If the circuit is to be used with 
low-impedance equipment, such as the SB-34 
transceiver, a source follower output circuit 
(dotted lines, fig. 3) is recommended. 

Power can be borrowed from other equip-
ment, or it can be supplied by a battery. 
Power requirements are 9 to 12 Vdc at 10 
mA. Very smooth dc is required. If neces-
sary, the filter shown in fig. 4 may be used 
for additional filtering. 

construction 
The unit shown in the photographs was 

constructed on "Micro Vectorboard," which 
is a G-10 epoxy glass board with 0.042-inch 
holes spaced on 0.1-inch centers. Component 

were used because of their low noise charac-
teristics. Others may be used, of course, but 
keep in mind that the voltage gain of the cir-
cuit is over 200, and noise could be a prob-
lem with poor transistors. The unit shown 
in the photo was mounted behind a control 
panel with some other equipment, but there 
is no reason why it couldn't be mounted in 
its own small enclosure or within the trans-
mitter or transceiver. 

fig. 4. Filter circuit for source voltage 
to ensure low ripple content. 

04 
ens»2 
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adjustment 
After completing the wiring, but before 

mounting the unit, apply power and adjust 
the value of R1 until the collector voltage of 
Q2 equals slightly greater than one-halt the 
supply voltage. After mounting the unit in 
its enclosure, set the switch to the log posi-
tion and the two potentiometers to their min 
positions. 

into the microphone, adjust the level control 
until the distortion just becomes objection-
able. Turn the control back slightly, and you 
should be all set to go. Turn the switch to 
linear and, while talking into the micro-
phone with the same loudness as before, ad-
just the linear control to approximately the 
same loudness or slightly less. 

Now connect the processor to your trans-

LINEAR 
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• - AVERAGE 
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fig. 5. Oscilloscope traces 
showing part of the word 
"hello". Upper trace shows 
waveform normally fed to 
transmitter; lower trace, after 
log conversion, shows an 6 dB 
increase in average-to-peak 
ratio. 

Probably the best way to set the level con-
trol is to connect the output of the proces-
sor to a high-fidelity amplifier and listen 
through a pair of earphones. While speaking 

fig. 5. Perforated board layout. Component side 
is shown In A; wiring side in B. Points x, y and z 
go to the linear-log switch. 

•ftev 
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|GROUND Q 

milter microphone jack, and adjust the 
microphone gain control for proper transmit-
ter operation. If you have a general purpose 
oscilloscope available, check the waveform 
at the collector of Q2 to be certain that this 
stage isn't flat topping. If it is, lower the 
level control slightly. If a high-fidelity am-
plifier and an oscilloscope aren't available, 
you'll have to depend upon on-the-air re-
ports to find the proper level-control setting. 
The linear control should be set after the 
level control has been set, and the linear con-
trol should be adjusted for proper transmit-
ter opeartion. 

operation 
The plate meter of our transmitter should 

indicate a higher average current with the 
processor switch in the log position than in 
the linear position. Yet, the peak output as 
observed on a monitor scope should be no 
greater. (Caution should be observed, when 
operating near the legal power limit, not to 
exceed 1 kw dc plate power input.) The 
linear position bypasses the log conver-
sion, and operation is normal in this posi-
tion. 

OUTPUT 

I ' 
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This unit works equally well with trans-

mitters with and without ale. In sideband 

rigs with ale, it allows higher average plate 

current before the ate circuit takes control. 

In rigs without ale the processor allows 

higher average plate current before flat top-

ping. In am and fm equipment it allows a 

higher average percentage of modulation, 

without overmoduiation, and it does all this 

without any noticeable distortion. 

competing with much higher-powered equip-
ment and the audio reports have all been 
favorable. 

test results 
The oscilloscope traces of fig. 6 offer 

dramatic proof of what can be achieved with 

controlled speech processing. Both traces 

show the waveform of a portion of the word 

"hello." The upper trace shows that the 

,, j* _ . v-

j i j i k i* SCff-H^, ' i"N, 
,,VHJ->~J.I -LA-'. ' 

Top view of finished speech processor reedy for 
mounting. The switch in the foreground is the 
"linear-logerithmic" switch. Input to the circuit is at 
the left side; output at the right. 

Bottom view of the speech processor. The wire leads 
of the components are inserted through the circuit 
board, bent over the leads of other components, 
and soldered together to produce the unit. 

some final thoughts 
As with all such devices in this class, it 

must be remembered that since the average-

to-peak ratio has been increased, the signal-

to-noise ratio is lowered. Hum and noise in 

the microphone wiring, room noise, fans, 

blowers, and other extraneous noise will 

modulate the transmitter more than before. 

Therefore, care should be taken with regard 

to microphone wiring, placement and use. 

This speech processor has been in opera-

tion for over six months now and has given 

good service. It has been used with an SB-34 

transceiver barefoot with 65 to 70 watts dc 

input. I have been able to hold my own in 

average-to-peak ratio is about 1:5 for both 

positive- and negative-going voltages. The 

lower trace shows the same waveform after 

logarithmic conversion. Notice that the aver-

age-to-peak ratio is now about 1:2. 

The improvement in average-to-peak volt-

age ratio, after log conversion, is 2:5. This 

represents an 8 dB increase in average pow-

er, and this does not include distortion 

products! 

reference 
1. E. H. Conklin, K6KA, "To Clip or Not To Clip?" 
ham radio, April, 1969, p. 24. 
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proportional 

temperature control 
for 

crystal ovens 

Design data 

and a practical circuit 

to ensure 

precise thermal control 

for crystal oscillators 
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When building high-stability crystal-con-
trolled oscillators, it's necessary to ensure 
that the crystal operates at a constant tem-
perature. One of the best ways of doing this 
is to put the whole oscillator inside a tin 
can and bury it somewhere. The ambient 
temperature five or six feet underground is 
remarkably constant. This method is excel-
lent if you're prepared to put up with the in-
accessibility, near impossibility of repair, and 
the problems associated with drilling holes 
in your walls. 

Putting the crystal in a small electrically 
heated oven, regulated by a thermostat, has 
none of these disadavantages. Such ovens 
often can be found in junked or surplus 
equipment. However, thermostats are rarely 
adjustable, so the oven temperature is gov-
erned by whatever gods look upon surplus 
emporiums. The thermostat contacts carry 
all the heating current and therefore tend to 
get dirty and arc after much use. This 
causes noise, which may get into other 
equipment through the heating-current line. 

Also, the temperature in these ovens varies 
cyclically as the heating element is alter-
nately turned on and off. This causes a small 
periodic variation in oscillator frequency, 
which may be undesirable in critical ap-
plications. 

proportional temperature control 
A proportional temperature control is one 

in which the heating current is varied 
smoothly under the control of a temperature 
sensor. The current is never switched en-
tirely off or on, but is left on continuously; 
as the temperature rises toward the desired 
level, the current decreases. Finally, a situ-
ation is reached where the current is just 
sufficient to maintain the temperature at a 
constant value. If the outside temperature 
decreases, the controller increases the cur-
rent until equilibrium is again reached. 
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Normally a thermistor is used as the tem-

perature sensor and is connected to an am-

plifier that controls the heating element. 

There is, however, a simpler way that makes 

use of the leakage current in transistors and 

which is highly temperature dependent, so 

that a transistor may be used as the sensor. 

the circuit 
Fig. 1 shows a circuit that takes advantage 

of this principle. Q 1 is a leaky germanium 

(Ge) pnp transistor and is the temperature 

sensor. Q 2 is an amplifier, and Q3 is the 

heating element. Q 3 is a power transistor 

-o-Vct 

fig. 1. Proportional temperature control cir-
cuit. Q1, a leaky germanium pnp transistor, 
is the temperature sensor; Q2 is an amplifier, 
and Q3 is the heating element. 

able to handle the required heating current. 

To ensure that the heat generated by Q 3 

is distributed evenly throughout the oven, 

Q 3 should be fixed to the oven walls if they 

are metal, or to a strip of metal extending 

throughout the oven if it is not metallic. 

This circuit provides a simple, inexpensive, 

and precise way of controlling temperature. 

Perhaps the greatest advantage of the circuit 

is that it may be easily analyzed and may 

therefore be used to design a controller for 

virtually any desired temperature. In fact, 

for a given set of transistors and Voc, the 

temperature is determined only by the value 

of R2. 

analysis 
Q V s base is floating, so its collector cur-

rent is lceo. Ice0 is very dependent on tem-

perature. For Ge transistors, it increases by 

a factor of ten for a temperature increase 

of 55° F. 

Suppose you measure lceo at room tem-

perature (70° F) and call the measured value 

Ij. Then l c b o at any other temperature, T, will 

be 

( T-70 \ 
u = i, no) 

This current is fed to the base of Q2, so 

the collector current, lc2, of Q 2 will be 

determined by the common emitter current 

gain. /32, of Q 2 by 

( J z Z L ) 
'c2 = H 'eeo = ' l CO) V 5 5 1 

Q3 ' s collector current, lc3, is determined by 

Q3 ' s beta, JS3. Its base current, lb3, is de-

termined similarly, so that l c 3 is equal to 

Ps 'b3-

Now, if Q 2 were not connected to the 

base of Q3, l b 3 would be determined by 

resistor R2 and would be approximately equal 

to Vcc/R2. However, Q 2 draws some current, 

so the current available to Q3 ' s base is only 

b3 
* cc 
R2 c2 

Substituting the value of l c 2 determined 

previously into this equation and multiply-

ing it by yields the collector current to 

Q3: 

c3 03 R2 
— |j_ (10) ^ 55 

( J z Z L ) 
V K / 

Assume you've connected the circuit and 

apply V c c when the components are at room 

temperature. At that time, T = 70° F, so le3 

will be 

l c 3 (initial) = /J3 
Yee 
R2 @2 ' 

The power dissipated by Q 3 at that instant 

will be the product of Vec and this initial 

current. As the temperature rises, le3 will 

decrease; eventually the temperature will 

reach some final vaiue, T f, where the heat 

dissipated by Q 3 is just enough to balance 

the heat losses. At this point, l c 3 will be 
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so small compared to its initial value that 
we can approximate it to zero. Then 

This equation may now be used to calcu-
late the value of R2 that must be used for 
the final temperature, Tf, of the oven. Fig. 2 
is a nomograph of equation 2. To design 
an oven controller for any temperature, sim-
ply calculate Vcc/^S2li f ° r ^ transistors you 
intend to use, and use fig. 2 to obtain the 
value of R2. 

R1 is used to limit the dissipation of Q l . 
The leakage current in Q1 will cause some 
heating of the junction. If Q1 is to sense 
the temperature inside the oven, its dissipa-
tion should be as small as possible. A safe 
value of R1 is a value of kilohms equal to 
Vec in volts. For example, if Vc c is six volts, 
R1 should be at least 6 kilohms. Q2 and Q3 
should be silicon (Si) transistors. If they are 
Ce, the final temperature will end up some-
what lower than the design value, since 
leakage in Q2 will decrease in the base 
current available to Q3. 

In an extreme case Q2 may even run 
away thermally and turn Q3 completely off 
(and perhaps burn out Q2). However, for 
temperature less than about 125° F, Ce tran-
sistors will perform satisfactorily. In any case, 
Q2 and Q3 must be the same type; either 
Ge or Si. 

measurement considerations 
Uncertainties in the measured values of 

J32 or l x cause surprisingly little effect in the 
final temperature. For instance, if your mea-
sured values of either p2 or are in error by 
a factor of two, the final temperature will 
be within about 16° F of the design value. 
If you need a specific and precise tempera-
ture, make R2 variable and adjust it to get 
the desired temperature. Before building the 
circuit, use equation 1 to calculate the initial 
collector current of Q3 to ensure that it 
does not exceed the rated maximum for the 
transistor. If it does, you'll have to use a 
heftier transistor. 

I used this cicruit to control a small 
oven for the clock in a digital counter I'm 
building. The oven is about 1 X 1 X 2 inches. 

The design temperature was about 700° F. 
since the temperature here seldom exceeds 
that value. Q1, which is of uncertain origin, 
is a pnp Ce transistor in a TO-5 case. is 
20 M . v c c is 12 volts, so R1 is 12 kilohms. 
Q2 is a silicon planar transistor (probably 
one of the 2N3704 family). It has a measured 
beta of 140. Q3 is a TIP-24, with a measured 
beta of about 80. R2 is 1 kilohm. 

Substituting these values into equation 2 
results in a predicted final temperature of 

VCC/SZI, 

fig. 2. Value of R2 as a function of Vcc/^2 11. 

100° F. The measured initial current, at room 
temperature, was 0.9 ampere; whereas the 
calculated value was 0.8 ampere. Once the 
oven had risen to its final temperature, the 
current required to keep it there was less 
than 0.1 ampere. 

construction notes 
It's important to keep the oven as small 

as possible. Heat losses depend upon the 
surface area of the box, so if you increase 
the size by a factor of two, heat losses will 
go up by a factor of four. The oven should 
be insulated with a layer of styrofoam or 
similar material around it. A V2-inch-thick 
layer is usually sufficient. Make sure that Q3 
is in good thermal contact with the oven 
wall, since you're relying on thermal con-
duction to distribute the heat around inside 
the oven. Put Q1 as close as possible to Q3, 
preferably in contact with it; otherwise the 
oven will take a long time to stabilize and 
may even oscillate in temperature. 

ham radio 
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ssb converter 
for 

432 MHz 

Five watts 

of ssb power 

with this circuit 

outperforms a-m 

on the long hauls 
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How would you like to reach out and 
work some of those hard-to-get stations on 
432 MHz? The answer to extending your 
DX range is single sideband. Also, if you 
like to build your own equipment, this 
mode offers a challenge that's hard to 
pass up. 

The 432-MHz converter described here 
delivers five watts to the antenna. That's 
a pretty respectable amount of power at 
this frequency, considering that the con-
verter was built, for the most part, from 
"junk-box" components. The only expensive 
items were the 6939 tubes. The perfor-
mance of the converter has certainly jus-
tified the cost of these tubes. Many sta-
tions were worked that just couldn't be 
contacted with the same power on a-m. 

circuit description 
The converter is driven with a six-meter 

ssb signal; 29 MHz could be used by 
changing the crystal string to provide 403-
MHz output. Obviously, this would require 
a small amount of coil pruning in the 
stages. Type 2C51 (5670) tubes and a 6J4, 
purchased from surplus, make up the crys-
tal string and provide sufficient injection 
to the 6939 mixer. Two stages operate as 
doublers and two as grounded-grid ampli-
fiers (fig. 1). The 382-MHz signal is link 
coupled to the mixer grid circuit, because 
direct coupling between the 6J4 and 6939 
tank circuits would require a very long 
chassis or some sort of double-decking ar-
rangement. 

Resistors are used instead of rf chokes 
to feed the B-plus to the mixer and linear 
amplifier plate tank circuits. Rf chokes 
caused spurious radiation and unstable 
operation in these stages. 

All filament, B-plus and bias wiring is 
on top of the plated epoxy boards. Feed-
through capacitors deliver these voltages 
to the converter stages. This minimizes 
stray coupling between stages. 
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A separate voltage-regulated power sup-

ply was necessary to obtain stability in 

the 95.5-MHz oscillator during modula-

tion. Voltage regulator tubes in the main 

power supply just wouldn't do the trick. 

construction 
The aluminum chassis is 10 x 14 x 3 

inches, with two sections cut out to ac-

commodate the two epoxy boards. The 

cutout for the crystal-strong board is 

9-3/4 x 3-1/4 inches; the mixer-amplifier cut-

out is 11-3/4 x 3-3/4 inches. The boards 

are 10-1/2 x 3-3/4 inches and 12-1/4 x 3-3/4 

inches respectively. Tube sockets, tank cir-

cuits, coils, etc., were located for best 

coupling between stages. 

Parts should be placed to obtain the 

very shortest leads. The input and output 

circuits of V2, V4A and V5 should be sep-

arated by copper shields, extending ap-

Above-chassis construction of the converter. 
The oscillator and multiplier stages are on 
the smaller board to the rear; mixer and 
power amplifier are in the front. 

proximately 21A inches down from the bot-

tom of the boards. The circuit might oper-

ate satisfactorily without these shields; 

however, room should be left so they can 

be added later if required. 

A 3 x 1-3/4-inch aluminum bracket sup-

ports the six-prong Jones male receptacle 

and bias potentiometer as shown in the 

upper right hand corner of the photo. The 

O C 5 regulator tube in the oscillator pow-

er supply is mounted on the edge of the 

chassis beside this bracket. The standby 

switch is on the right side of the plate 

milliammeter on the front panel. The 

6.3-V filarnenl transformer, diode rectifier, 

filter capacitor, etc., are mounted direct-

ly beneath the bracket. 

The 3/4-wave mixer grid input hairpin, 

L2, is bent up at 90 degrees as shown in 

the coil data. This is necessary so that the 

Below-chassis view shows component 

layout and construction of tuned lines. 

mixer and amplifier stages can be mount-

ed on the 1274-inch epoxy board. 

testing and adjustment 
If the coils and loops are made ac-

cording to the dimensions in the coil and 

tank-circuit data, little or no pruning 

should be necessary. A grid-dip oscillator 

is very helpful. If a grid-dipper is used, the 

adjacent loop or coil should be wrapped 

with metal foil, otherwise two resonance 

indications may be noted unless both cir-

cuits are, by chance, tuned to the same 

frequency. 

Tuned-circuit resonance can be checked 

with a vtvm equipped with an rf probe. 

Each stage can be checked for maximum 

drive by coupling fairly closely, either by a 

two-turn coil or a 20-pF capacitor fas-

tened to the tip of the rf probe. The coup-

ling can be reduced for final adjustment. 

When the crystal string is operating 

properly, the output at the BNC connector 

should light a number 47 lamp to about 

half brilliance. The rf probe can be used 
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3B2 MM L2 
IN 

8.3 VAC » 

2C3I 
S670 

C I , C6 15-pF miniature var iable 

07, C8 (Johnson 160-107) 

C2, C4 11-pF butterfly (Johnson 160-211) 

C3, CS 5-pF butterfly (Johnson 160-205) 

L7 2 turns no. 18, V i " diameter, 

l ight ly coup led to L8 

L8 2 turns no. 18 bare, spacewound, 

5 /8" diameter, 5 /8 " long 

L9 hairpin loop, 3 /4 " long, 5 /8" w ide 

at ends, C8 connected to center 

L10, L11 3 turns no. 24 on 3/16" slug-tuned coil 

form, 5/16" long 

112 6 turns no. 24 On '/«" slug-tuned coll 
form, 5 /8 " long, tapped 2 turns from 
crystal end 

RFC1 20 turns no. 24 on a 5k, 1W resistor 

RFC2 2 coils; each 8 turns no. 24 bifilar 
wound on 1 W resistor 

All other rf chokes are Ohmite 2-460 or equivalent. 

f ig. 1. Schemat ic diagram of the 432-MHz ssb transmitt ing converter. C o i l s L1 through 16 are shown in fig. 2, 
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NOTE: LS*L« OVERLAP 1/2" WITH 1/a" SPACING 
L31L4 • 5/8, • 
L2 IS BENT UP AT 90° AMD BNC CONNECTOR AND 
CI MOUNTED CLOSE TO BEND. LI IS VERTICALLY" 
MOUNTED TO PARALLEL L2 WITH 1/8" SPACING 

fig. 2. Construction of the coils for the 
432-MHz transmitting converter. 

on the mixer plate tank for preliminary 
adjustment of input and output circuits of 
this stage. Plate current in the final wi l l 
indicate proper adjustment of the 6939 
grid loop. Also it's the best indicator for 
final tuning of all stages in the converter. 
The final plate current should be approxi-
mately 70 milliamperes when the converter 
is properly tuned and adjusted. 

If a thru-line wattmeter is not avail-
able, a forward-power indicating device 
should be installed in the coaxial cable 
to the antenna. This can be a piece of 
enamelled magnet wire sewn beneath the 
coax shield for about three inches, located 
fairly close to the antenna change-over 
relay. The end toward the antenna should 
be connected to a small diode and by-
passed; the other end should be terminated 
with a 50-ohm resistor. A 0-500 microam-
meter or 0-1 milliammeter can then be 
connected and operated remotely for con-
venient viewing. 

The converter described here has re-
quired no retuning or adjustment for sev-
eral months, and its performance has 
been most gratifying. 

ham radio 

RCA 
has all-new 
FCC 
commercial 
license 
training 
Get your license— 
or your money back! 
Now RCA Institutes Home Study Training has the 
FCC License preparation material you've been 
looking for—all-new, both the training you need, 
and the up-to-date methods you use at home—at 
your own speed—to train for the license you want! 

2 Convenient Payment Plans—You can pay for les-
sons as you order them, or take advantage of easy 
monthly payment plan. Choose the FCC License 
you're interested in—third, second or first phone. 
Take the course for the license you choose. If you 
need basic material first, apply for the complete 
License Training Program. 

SPECIAL TO AMATEURS. This course is primarily 
tor Commercial License qualifications. But it 
does cover some of the technical material that 
will help you prepare tor the new Advanced and 
Amateur Extra class tickets. Check out the infor-
mation the coupon will bring you. 

Mail coupon today for full details and a 64-page 
booklet telling you how RCA Institutes Home 
Training can show you the way to a new career— 
higher income—and your FCC License. 

VICil 
RCA INSTITUTES, INC. 
Dept. 350-001-0 

A * 4 , A* 
320 West 31st Street, New York, N.Y. 10001 

Please rush me, without obligation, information on 
your all-new FCC Commercial License training. 

Name-

Address. 

City -State- _Zip_ 
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use 
your magazines 

Most of us 

collect 

technical magazines, 

and there they lie 

unused on the shelf; 

this article 

gives some good tips 

on how 

to keep them alive 
41 
Tn 
O 

I have finally solved the problem of what 

to do about all my old electronics maga-

zines, but it takes courage. It's simple: you 

take all the new and old copies of the 

magazines you have, carefully extract the 

articles that interest you, and throw the 

rest away! Admittedly, you may change 

your tastes in future years, but this is bet-

ter than burying all the articles in a rela-

tively unavailable form in anonymous but 

attractive rows of magazines. A book in 

hand is worth two in the bookcase. 

how? 
Carefully take the staples out of maga-

zines like QST, Radio-Electronics, or Elec-
tronics World, and tear out noteworthy 

articles. Make sure you include any "con-

tinued-on-page-108" items. Most other elec-

tronics magazines don't have staples di-

rectly through them, so you can tear out 

each article directly. "Perfect-bound" (i.e., 

glued-logether) magazines like ham radio 
should be folded as flat as possible at the 

relevant page before tearing out. 
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Once you've lorn out an article, staple 
the pages together at the upper left corner 
if there's more than one sheet. Carefully 
put them into a Manila folder and invent 
a suitable title. (The choice of titles is im-
portant and will be covered later.) A title 
such as "Transmitters" is a lot more useful 
than "Transmitters—complete—80M — 6 
tubes—2 diodes," for example. 

why? 
It makes sense. Out of the monthly del-

uge of information you receive, if you need 
to know something you merely look up the 
appropriate folder and it's there. My meth-
od also has the advantage of forcing you 
to read the articles, even if briefly. Space 
is also saved by eliminating chatty col-
umns and ads. 

Sometimes I wonder if the one or two 
articles I get from a magazine are worth 
the cost of that issue. For the most part, 
they are. QST is worth saving because of 
its occasional gems, and the ARRL is 
worth supporting. Radio Communication 
is worthwhile because of items such as 
"Technical Topics," and because the RSGB 
is also worth supporting. 

the file cabinet 
If you don't have a filing cabinet, the 

folders can be kept in a cardboard box. 
The box can be on an inconspicuous shelf, 
because you'll only refer to it when you're 
going through current magazines or when 
you need information. Or you can select 
magazine covers with unusual designs and 
colors, trim them to make a pleasing ar-
rangement, then glue them to the sides of 
the box (known to artistic types as a col-
lage). Give the box several coats of clear 
lacquer. This reinforces the box. 

My storage and retrieval method also 
works well for old issues-and you'll be 
amazed to discover the many excellent 
and useful articles on all manner of sub-
jects. The thrill of this discovery has kept 
me at this task: five magazines to shred 
every day until they are all done. It's 
cheaper to reduce your magazines in this 
manner than to build new bookshelves to 
accommodate the growing pile of litera-
ture. (Some take the easy way out and 
merely sell the whole lot after X years.) 

The system I use is different from that 
in which you bind back issues of magazines. 
These techniques1- 2 are valuable for bind-
ing books, but they have no place in a 
Magazine Shredding Program. They mere-
ly codify the situation but don't solve it. 
It's rather unproductive to bind a book 
permanently, 90 percent of which is useless 
and takes up valuable space, and 10 per-
cent of which you'll never bother to con-
sult because you don't know where it is. 

the system 
What do you do if you have two good 

articles that have been published back-to-
back? First decide which is the most in-
teresting. This is the article that should re-
main complete. There are several cases of 
this situation, in which: 

1. The less-interesting article starls on the 
back of the good one. Write the title and 
subject briefly at the top of the second 
page of the amputated article, indicating 
where the rest of it is filed (fig. 1). 

january 1970 g g 53 



2. An article ends on the back of the good 
one. Write on the bottom of the last avail-
able page of the amputated article, "con-
tinued on . . . " or "see. . . file" (fig. 2). 

3. A good article is sandwiched between 
two others. Make out a full-sized sheet of 
paper showing title, subject, and where the 
two halves may be found. Then file the 
paper instead of the article. 

cuits" in Radio Electronics. The hard way 
to find these articles is to make a separ-
ate sheet of paper for each subject and 
file it in a "collections" file. Sometimes 
this requires as many as fifteen separate 
listings for one month's worth of "Techni-
cal Topics" and could be more work than 
you'd want. 

Nothing is worse than a good filing sys-

am repeater converter 
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^V. 
»Uf m-ttm 

„ ,1. i ft*, 

26 IMIItmM EnMrlmtnicr 

AM tyxa&u Cntt^i&i/ 
fait, fiM fits) 

• r 
© 

.m 
l; ft* 

*«» >««rf paA, tala^ f i t ) » » I P 

•> C • itiiU i-miM • »i»< 4M*«* 
H f h . t o . . tw^tfww l u l h • i \.I1. • 

•*>»*«• W( .̂ WtJS! «£*»•!! pWt 
MM»: < «>• )«V oW •>/, 'mnfep* 

/ »ti«m>— • f • C H11 i 

r• u ^ a — i ' f i — i — .tC i«H« 
» HU - . 

MM K. ,4<-fcf Ml 

— (%V™ . . . . >_....i* . JU^k. 

r » .. Ui t . c 
A . ? —I." .1 I.IIWH •!>. » 

1— Mb. f r t t̂ i > ii J MW . 
' 

^ witiH' nt 
—k ^̂  WMJ 

I ' I H I i m ' 
I I I • II I I • . f „ at i MÛ.1 t I" ' ' " 
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fig. 1. First two pages of lass Interesting article. Interesting article, "Advantages of FM Over SSB," ends 
on page 25. This more important article is filed under "Modulation, FM," but a note of It is entered under "SSB 
Controversy." 

4. Two good articles are to remain to-
gether. Write the title of the second article 
on the front page of the first, and file a 
descriptive sheet of paper as in 3 above. 

5. Rare publications that don't print name 
and month of issue on each page. Exam-
ples: Break-in (from New Zealand) and 
Autocall. Use abbreviations such as Bl 7/67 
or AC 7/67. 

6. A single article that contains a wide 
variety of good designs. Examples are 
G3VA's "Technical Topics," which appears 
frequently in Radio Communication; 
"Hints & Kinks" in QST; "Noteworthy Cir-

tem that's not followed, so an alternative 
must be sought. One way is to file the rele-
vant articles in the "Collections" file for 
six months. However, you should read them 
thoroughly each month and make special 
note of points you may need in the future. 
Then go back over them, and pick out 
items according to subject. 

You may have the same fifteen or 
twenty pieces of paper to file under differ-
ent headings, but each piece will refer to 
several articles in which a given point is 
mentioned. For example: one sheet of pa-
per labelled "Transistorized Transmitters" 
could refer to specific subarticles in four or 
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five issues of "Technical Topics." I dwell on 
this problem because it can be frustrating 
but it is important enough to devise meth-
ods for solving it. 

classifying the data 
In general, file an article according to 

the subject, not necessarily the title. Some-
times authors can be misleading in their 
effort to be clever; editors should never al-

cause they are a dime a dozen in the 
literature. 

data retrieval 
There is a definite temptation to keep 

some items intact, such as "Miniwatt Di-
gest" (Philips) and the like, but such temp-
tation should be resisted, even if attrac-
tive binders are provided—which you may 
already have. Filing away blocks of ar-

fim Jktm/kr Converter fal) 

fig. 2. Last two pages of an uninteresting article. Good article is on page 30. 

low thisl A recent article bore the title 
" 'The Thing'—Transistorised (sic), an Ex-
perimental Sideband Exciter," but the sub-
jects were principally crystal frequency al-
teration, a bandspread oscillator, an elec-
tronic sweep generator and some very in-
teresting data on the use of ordinary recti-
fier diodes as varicaps. In the next issue 
the author did indeed get down to side-
band, but you would never know it from 
this one. In this case, I filed it under 
"diodes, varicap," but I filled out a sep-
arate sheet of paper to refer to the article 
and filed it under "crystals," and another 
under "oscillators, sweep." I didn't pay any 
attention to the ordinary oscillator be-

tides in binders is only justified if you know 
what's in them. Always ask yourself, " If I 
do this, can I get my hands on the infor-
mation when I need it?" If the answer is 
yes, any filing system is satisfactory. My 
system is more practical than most, once 
you get over the horror of the magazine-
shredding process. 

For a really effective filing system be 
sure to save the table of contents from 
each fractured magazine. A cryptic nota-
tion can be written in front of each title to 
show where it was filed, though this is not 
usually necessary. The table of contents 
can help where a title might be ambigu-
ous or misleading, or when you are re-
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ferred to an article by another reference. 
If I read the Journal of Indifferent Elec-
tronics, and it refers me cryptically to 
"QST, May 1907, p. 31," the only cure is 
to dig out the relevant table of contents 
(which I have filed under "index") and see 
what it was all about. 

The system I describe here is the best of 
several I've tried. It is crude, but much 
more effective than any elegant indexing 
arrangement using file cards or punched 
cards. The reason is simple: you are more 
likely to use my system and keep on using 
it. It's destructive, but what is more useless 
than a complete set of magazines you 
never use? Yearly indexes? Nearly useless: 
the magazine's indexing system is likely to 
overlook subjects that interest you, but 
which may be buried in another subject. 
For example, a good point on transmitter 
or receiver design may be included in a re-
view of some uninteresting piece of com-
mercial equipment. And let's face it, most 
commercial "amateur" equipment is unin-
teresting if it's just a box with knobs. 

Advertisements may also be filed by this 
method if you need them for reference, but 
you can always get current ads featuring 
current items. Therefore, don't tear the cur-
rent issue apart until the next one arrives. 
Have a definite place to store "magazines 
to be shredded", and never let the pile get 
higher than one-half inch! 

what to do about arrl handbooks 
An unexpected bonus of the "shred-it-

yourself" approach happens in the treat-
ment of the ARRL Radio Amateur Hand-
books. As you know, this text appears each 
year, and well over 50 percent is un-
changed from one year to the next. This is 
where the shredding technique appears at 
its best. You simply go through the current 
issue and the previous one simultaneously, 
page-by-page. This sounds like a lot of 
work, and it is, but it doesn't take too long. 

Since it doesn't usually matter which is-
sue you keep intact, the simplest arrange-
ment is to choose the older issue, or the 
first one that changed from glossy to dull 
paper (1962). Then all subsequent issues 
are torn apart, until about the fifth-year 

later. In about five years, ARRL handbooks 
usually change enough to warrant keep-
ing one intact. Then all subsequent ones 
are referred to it. 

the technique 
You have the choice of discarding whole 

sections, or going through likely sections 
page-by-page to see where they may have 
substituted one item for another—usually 
a whole paragraph. The page-by-page 
method is simplified considerably by com-
paring the diagrams; if a section has been 
altered, a new (or absent) diagram will 
appear, and will become immediately evi-
dent by comparison with the old copy. But 
if you don't want to go to all this work, 
you won't be too far wrong if you delete a 
whole section. You may miss a few in-
teresting items. In this activity a consider-
able hidden benefit evolves because you 
are forced to review the entire contents of 
a text, however casually, and you will be 
fascinated to discover all manner of use-
ful and interesting things from it. 

1, From the newer edition you will want to 
discard completely or in part the chapters 
on: 

Amateur Radio (one is interesting, but 
is quite sufficient) 
Electrical laws and circuits 
Vacuum tube principles 
Power supply 
Amplitude modulation or audio ampli-
fiers & dsb phone 
Specialized communication systems 
Antennas 
Wave propagation 
Vhf antennas 
Construction practices 
Interference with other services 
Operating a station—and similar chap-
ters 

You must keep one of the editions intact 
so that you can reread the history of ama-
teur radio if some beginner asks you about 
it. Save the newest issues and shred only 
previous ones. The whole subject came up 
as I contemplated the great stack of ARRL 
handbooks that had reached the end of 
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available shelf space. I had purchased 
one every couple of years on principle, 
even though I hadn't even opened some of 
them. 

2. You'll want to preserve the construction 
sections of the following chapters and dis-
card the theory sections, if any. Always 
save the first page of each chapter, at 
least, to make it easier to locate: 

BOOK LEAVES HELD FIRMLY 
BETWEEN WOOD BLOCKS IN 

A VISE (NOT SHOWNI 

fig. 3. Simplified bookbinding. It's wise to put 
the wooden blocks as close as passible to the 
binding edge. Use waxed paper between the 
wooden blocks and the book. 

High-frequency receivers 
High-frequency transmitters 
Keying and break-in 
Speech amplifier and modulators 
Suppressed-carrier or single-sideband 
phone 
Transmission lines 
Vhf receivers and transceivers 
VHF transmitters 
Mobile equipment 
Measurements 
Assembling a station 
Vacuum tubes and semiconductors; keep 
the whole chapter because they have a 
tendency to delete useful older types. 
Index: keep all 

Some years change more than others. For 
example, as I recall, there were only about 
a half-dozen pages in 1964 different from 
1963; but 1967 was quite different from 

1964—115 pages or 15 percent of the total. 

removing handbook pages 
The method of extracting pages may de-

pend on the number to be removed at any 
one time and on the binding. In older edi-
tions the binding was firmer, reinforced by 
string, and pages will be more difficult to 
remove than from the newer ones. You 
have the choice of using a razor blade or 
carefully tearing a page out from its binding. 
The tearing method is more practical for 
whole groups of pages or a whole chapter. 
Lay a steel rule along the gutter and tear 
gently. 

You should be reasonably careful when 
extracting pages or sections, because !f the 
alteration to an issue is not too drastic, 
the decimated issue can be given to a be-
ginner, who will be able to make good use 
of the theory portions. For this reason, I 
suggest that when you remove something 
from an edition, you note carefully on the 
margin of the previous page the name of 
the item you've removed; if the recipient is 
actually interested, he can always dig it 
up from other sources, e.g., you. 

The extracted sections will be added to 
the reference issue (the oldest one). The 
best way to do this is to insert relevant 
material at the end of the chapter related 
to its subject, in the reference edition. I ad-
mit this will result in a somewhat looseleaf 
arrangement, but it shouldn't matter too 
much if you're careful. You may not look 
at it too often anyhow, and when you do, 
you need only exercise some care in keep-
ing the right pieces together. The problem 
of increased bulk will be met by the fact 
that you will have been able to discard 
the whole advertisement section. 

When the requisite editions have been 
removed in this manner, you can solve the 
looseleaf problem neatly by binding them 
together. You can take it to a professional 
bookbinder and have him do it; the cost 
won't be much. But it's not difficult to do 
it yourself if you follow the methods sug-
gested below. 

binding the handbooks 
The binding method I prefer is simple 
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and adequate. (Other material on book-
binding appears in reference 3.) First care-
fully line up all loose sheets with the fixed 
ones. Then line up the left-hand edges. If 
you have a bookbinding shop in your 
town, the bookbinder will cut the edges in 
his power-driven cutter. You might also 
consult your local librarian about this 
service. 

With the edges held together in a vise, 

fig. 4. Place a piece of waxed paper be-
tween front cover and first page, and an-
other between back cover and last page. 
Close it all up, place another book on it 
for pressure, and allow to dry for another 
day. 

The result will be a neat looking and 
functional book, and sturdier than most of 
the ones you buy. The glue should be the 
special white liquid bookbinding type be-

EXTRA PAPER OR CLOTH STRIP 

fig. 4. Putting a cover on the book. Use wax paper 
between cover and book, close cover, weight down 
with another book, or better yet, put between books 
on the bookshelf with binding down. 

make about ten V-shaped cuts with a 
hacksaw xat right angles to the binding, 
about 1/16-inch deep. Then lay a piece of 
string in each cut, leaving the ends dan-
gling, as shown in fig. 3. Cover the whole 
binding with glue, spreading it evenly, 
preferably with a finger, but being very 
careful not to allow any to slop over any 
edge. When tacky, lay a piece of linen 
cloth (as from a sheet) on the binding 
edge and carefully apply glue all over it. Al-
low to dry for a day or so, then carefully 
slice away all dangling cloth and string 
with a razor blade. Glue the cover to the 
binding, again being careful not to slop 
any glue onto the edges of the pages. Ap-
ply a one-inch strip of paper or cloth to 
the point where the cover meets the first 
and last pages of the book, as shown in 

cause it's very adhesive and flexible. If you 
can't find it, ordinary white wood glue will 
suffice. The bookbinding glue is rather ex-
pensive, but worth buying, because you'll 
find it useful in repairing other books, par-
ticularly where the publisher has econo-
mized on the quantity or quality of the 
binding. 

references 
1. J. Kirk, W6DEG, "Make the Most of Magazines, 

and have fun doing it," 73, December, 1966, p. 70. 
2. R. Gunther, VK7RG, "Editorial," Australian EES, 
August, 1967, p. 110. 
3. P .W. Waters, G30JV, "Bookbinding for the Ama-
teur," RSCB Bulletin, December, 1966, p. 802. 
4. R. A. |. Reynolds, VK7ZAR, "The 1968 ARRL Ra-
dio Amateur's Handbook—A Critical Review," Au-
stralian EEB, December, 1968, p. 130. 

ham radio 

58 [25 January 1970 



9 & m 
a • mm o 

« 
1CX-K?00 | 

6 
t . © 

e © * © 

N C X - 1 0 0 0 
1 Kw Solidl-State 

Transceiver 
(80 thru 10 Meters) 

Here's a transceiver designed for the amateur who would rather spend his hard-earned radio 
dollar on performance than frills. The NCX-1000 is built to meet the demands of the 
operator who needs and desires a high performance SSB-AM-CW-FSK rig with solid-state 
dependability and plenty of power. Add to this the convenience of having your transmitter 
(including linear amplifier), receiver, power supply, and monitor speaker in a single, 
compact, smartly styled 59 pound package. 

So let's look at the NCX-1000, starting with the double-conversion, solid state receiver. 
After the received signal is processed by a double-tuned preselector, a stage of RF amplifi-
cation, and another preselector, it is applied to the first mixer for conversion to the first I F 
frequency. The first I F contains passband filters and a stage of amplification. A second 
mixer then converts the signal to the second I F frequency tor additional processing by a 
6-pole crystal-lattice filter and four IF stages. Finally, the signal is detected and amplified 
by four audio stages. The unparalleled high dynamic range lets you tune in weak stations-
surrounded by strong interfering signals. The result? High performance for SSB, AM, CW, 
and FSK. Sensitivity of 0.5 E M F microvolt (for a 10 db S+N/N ratio). 

In the transmitter you'll find three stages of speech amplification followed by a balanced 
modulator, a crystal-lattice filter, a filter amplifier, and an I F speech processor (clipper). 
A mixer converts the signal to a first I F frequency for processing by two crystal passband 
filters, and two I F amplifiers. A second mixer converts the signal to the transmitting fre-
quency where it is amplified in five RF stages before it gets to the grid of the 6BM6 driver. 
Final power amplification takes place in a forced-air-cooled 8122 ceramic tetrode which 
feeds the antenna through a pi network. Other features? You bet! Grid block keying for 
CW. Complete metering. Amplified automatic level control (AALC). 

So here's a package that can give you 1000 watts PEP input on 80 through 10 meters, 1000 
watts on CW, and 500 watts for AM and FSK. The speech processor lets you double your 
SSB average power output with minimum distortion. No frills with the NCX-1000. Just 
top performance. 

Write for complete details. 

NATIONAL RADIO COMPANY, INC. 
NRCI m W a s h f n gton Street, Melrose, Mass. 02176 

617-662-7700 
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bands 

End-fire and 

broadside characteristics 

are combined 

in a steerable array 
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Rotary beams for 40 meters are too large 
for the average garden of the European 

amateur or for most American amateurs' 

backyards. Many aspiring DX operators 

who want to work below 7 MHz have 

tried some form of vertical antenna be-

cause of its low vertical radiation angle. 

Generally what happens is that, after the 

initial excitement has passed and the DX 

operator starts the hard work of chasing 

countries using an omnidirectional anten-

na, he starts thinking of ways to eliminate 

noise and interference from locals. To put 

it mildly, a single vertical antenna isn't 

too well known for this. The books don't 

give much help, so if the DXer wants to 

compete at all he must rely on basic 

principles and good old amateur in-

genuity. 

there is a way 
One of the simplest forms of directional 

antenna systems is the spaced vertical 

two-element array.1 The radiation pattern 

for such a system fed in phase and spaced 

one-half wavelength apart is shown in 

fig. 1. The beamwidth at the half-power 

points is 60 degrees. 

If one of these elements is fed 180 de-

grees (one-half wavelengths) out of phase 

with respect to the other, a horizontal pat-

tern appears as shown in fig. 2. The half-
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fig. 1. Horizontal pattern for two V 
elements spaced one half-wavelength 
and fed in phase. 

power beamwidth is 120 degrees. Both sys-
tems are bidirectional, which is an im-
provement over the single vertical anten-
na. Such systems, or a variation of them, 
have been used by many amateurs.2.3 

However, the problem with either arrange-

fig. 2. Horizontal pattern for two ele-
ments spaced one-half wavelength and 
fed 180 degrees out of phase. 

ment (broadside or end-fire radiation) is 
that they are bidirectional and have dif-
ferent bandwidths depending on their 
phase relationships. This is fine for broad-
cast service, for which they're primarily 
used, but broadcast stations don't work 
DX in the crowded amateur bands. 

When the spacing between the two ele-
ments is reduced to one-quarter wave-
length, the phase difference is reduced by 
90 degrees. Then the pattern of fig. 3 re-
sults. The beamwith is 180 degrees, but a 
unidirectional pattern has been obtained 
that can be switched to cover two di-
rections. The beamwidth is as broad as 
the side of a barn, though. The question is, 
can anything be done to improve it using 
simple techniques? Yes, indeed. Read on. 

a solution 
By using four vertical elements and the 

principles of the systems whose patterns 
are shown in figs. 1 through 3, a unidirec-
tional system can be obtained having a 
half-power beamwidth of 88 degrees. It 
can be made steerable in four directions 
by simple switching methods. 

Consider the four vertical elements of 
fig. 4. Elements 1 and 3 are spaced one-

fig. 3. Horizontal pattern for two ele-
ments spaced one-quarter wavelength 
and fed 90 degrees out of phase. 
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half wavelength. Element 3's phase leads 
that of element 1 by 180 degrees. Both 
produce the horizontal patterns of fig. 5A. 
Elements 2 and 4, also spaced one-half 
wavelength, have the horizontal pattern 
shown in fig. 5B. So far it seems nothing 
has been gained. However, when elements 
2 and 4 are fed with their phases ad-
vanced by 90 degrees with respect to ele-
ment 1, the two lobes in the upper part of 
figs. 5A and 5B will add, while the two 

zCM Jg »04 

fig. 4. The four element posi-
tions used in the beam. i 

lower lobes will cancel. Thus the pattern 
of fig. 6 is obtained. 

The beamwidth at the half-power 
points, while not as narrow as a three-
element Yagi or quad working under op-
timum conditions, is nevertheless a re-
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fig. 6. Computer-derived oscilloscope display of 
the horizontal polar patterns of the beam. The dis-
play of the less-dense dots was achieved by inter-
changing the feed lines to elements 1 and 3. 

spectable improvement over that of a 
single vertical element. 

practical considerations 
Like many antenna systems, this one is 

frequency sensitive, and dimensions should 
be chosen for the part of the band of 
greatest interest. As the operating fre-
quency moves away from the design fre-
quency, the small side lobes will decrease 
but the main lobe will broaden very rapid-
ly—for frequency deviations of four per-
cent or more. 

fig. 5. Horizontal patterns produced by elements 1 and 3 (A) and 2 and 4 (B). 
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A further point to remember is that in 
the theory used to design the beam the 
assumption is that each vertical element 
will not only have an identical horizontal 
radiation pattern (circular in this case) 
but will also have an identical radiation 
pattern in the vertical plane. Thus the four 
elements should be identical in size and 
placed over similar ground systems. For 
low-angle radiation the ground systems 
should be as extensive as possible. At the 
base of each element a rod should be 
driven into the ground at least six feet 
with all the radials electrically connected 
to the ground rod. The radials, which can 
be any length (the longer the better) ideal-
ly should be equally spaced about the base 
of the vertical with a good electrical con-
nection to the ground rod. The elements 
don't have to be exactly one-quarter 
wavelength high, but whatever their 
height, they must be the same length. 

impedance matching 
The elements will have a reactive as 

well as a resistive component. If the ele-
ment length is shorter than a quarter 
wavelength the reactance will be capaci-
tive; if longer, inductive. 

A simple network for matching fow-im-
pedance transmission lines to a wide 
range of impedance is the L network. The 
two basic circuits are shown in fig. 7. Both 

fig. 7. The L networks, which can be used for 

matching the coaxial cable to each element. 

m 

z0 

Z0> R 

m 

use one capacitor and one inductor of 
nearly equal reactance. The equations are 
for matching resistive loads only but pro-
vide a starting point for matching R ± jX 
loads: 

Xl = ± VZ„(R - Z0) 

Xo 
R - Z„ 

f 
f 

antenna i 

\ ANTENNA i 

ANTENNA 4 

fig. 8. The wiring diagram for the phasing switch. 

Either Xj or X 2 can be the inductive re-

actance, so a maximum of four variations 

is possible. By connecting a reflected-pow-

er indicator in the coax line to each ele-

ment, each circuit variation can be tried 

until no reflected power is indicated. The 

antenna impedance will then be matched, 

and a weatherproof container can be 

constructed and placed at the base of 

each element to house the matching net-

works. 

The impedance match of each element 

should be checked, because there will be 

some element interaction. When each ele-

ment is matched to a coaxial cable all 

elements should be connected through 
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equal lengths of cable (the specific length 
is immaterial) to a control box placed at 
the center of the system. This box should 
contain a rugged 4-pole, 4-position switch; 
preferably remotely controlled. The switch 
wiring diagram is shown in fig. 8. 

After passing through the switch and the 
phasing cables (working backwards from 
the antenna), the four lines are joined in 
parallel. This has the effect of presenting 
an impedance of 12.5 ohms (for 50-ohm 
cable) to be fed from the single line from 
the transmitter. An impedance-matching 
transformer is needed at this point, and 
the L-network could be used again; how-
ever a better system is shown in fig. 9. This 
is equivalent to two pi-networks back-to-
back. It can be installed in the control box 
and adjusted for a flat line to the trans-
mitter. 

Since devising this scheme I've moved 
from England to Ohio, and at present I 
have no means for testing the idea. But 
the principles are sound and the method 
should provide an incentive for those who 

Zg-SO OHMS Xj. 3 ; - l £ 0 C M B 
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fig. 9. The 50/125-ohm impedance matching trans-
former. Typical values would be X1 = 20 ohms, X2 = 
65 ohms, X3 = 10 ohms; inductive reactance is 2 
times X2 or 130 ohms. Either XI or X3 can be fixed. 

like to work DX but don't have space or 
funds to put up a low-frequency rotary 
beam. The current sunspot maximum has 
passed, and DX activity will decline on the 
higher frequencies. I believe this antenna 
will give you a good chance to compete in 
the next DX contest 

references 
1. W. D. Stead, VE3DZI, "Twins on Twenty," QST, 
May, 1961, p. 24. 
2. I. A. Turner, W9LI, "A Compact Beam for 40 and 
20 Meters," QST, January, 1954, p. 17. 
3. A. D. Mayo, W5DF, "7-Mc Beam for the Small 
Yard," QST, September, 1952, p. 25. 
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IT'S HERE - THE 
GALAXY 

FM-210! 
AT LAST, ALL AMATEURS HAVE AVAILABLE A 
TOP QUALITY, AMERICAN MADE 2 METER FM 
TRANSCEIVER AT A PRICE ALL CAN AFFORD. 
THIS FULLY SOLID STATE, FET FRONT END 
TRANSCEIVER OFFERS NO COMPROMISE PER-
FORMANCE FOR DIRECT OR REPEATER COM-
MUNICATIONS. A FULL 5 WATTS OF POWER 
OR 10 WATTS WITH THE OPTIONAL AC-DC 
POWER BOOSTER. HOW DOES GALAXY DO 
ALL THIS FOR 

$199.95 
PLACE ORDERS NOW FOR EARLY DELIVERY 

SMALL DEPOSIT 

FALL CLEARANCE SPECIALS 
(Definition of CLEARANCE, 

Removal of Obstructions or Hindrances) 

DRAKE: 
R4-A $315.00 
TR-4, RV-4, AC-3 (Pkge.) $575.00 

GALAXY: 
Gal. V Mk2, AC-400 (NEW) Remote VFO 

(Pkge.) $395.00 
Gal. V Mk2 (No Pwr.) $295.00 

HALLICRAFTERS: 
HT-37 (Like New) $210.00 

Write for list of other Gear; 
What Are Your Needs? 

WANTED TO BUY FOR CASH, COLLINS EQUIP-
MENT, "S LINE" KWM-2 or What Have You? 

k t * A r E ( / * 

ELECTRONICS^^ 
Phone Ct 5-4387 "THE COMPLETE HAM STORE" 

927 N.W. Isl Oklahoma Cily, Oklahoma 73106 

"WE TAKE TRADE-INS ON ALL LINES OF NEW EQUIPMENT" 
TWO-WAY RADIOS - SALES • SERVICE • INSTALLATIONS 
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a solution 

to the 
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is simple 

and certain 

with this 

decade module 
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Three excellent articles have recently been 
published that give the beginner a good 
basic understanding of integrated circuits 
and of IC electronic counters.1'2-3 Each of 
these counters has one basic complexity 
however; namely, the readout of the count. 
The counter in reference 1 reads out in 
binary, which is satisfactory up to about 10, 
but nerve-wracking when having to sum 
1024, 156, 16, 8 and 1 for example, to count 
1305. References 2 and 3 show readout in 
decades by 10's. This is easiest to read but 
requires decoding matrices, which are ex-
pensive to build and require panel space for 

tabla 1. BCD counting logic 

N Count A B c D 
o 
U 0 0 0 0 0 
o 1 1 0 0 0 
1 2 0 t 0 0 

J* 3 1 1 0 0 
4 0 0 1 0 

"o S 1 0 1 0 
c tt 6 0 1 1 0 

ui 7 1 1 1 0 
fr 8 0 0 0 1 
c 41 9 1 0 0 1 
X 10 0 0 0 0 
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ten light bulbs per decade. 
A simpler solution is a readout in what is 

called 1, 2, 4, 8 binary-coded decimal (BCD). 
With this scheme, which is not new, read-
out is in decades, but counting within the 
decade is by binary. Since the highest num-
ber count per decade is 9, the binary is easy 
to decode mentally. This system requires 
fewer components and less space than 
straight decimal , because only four light 
bulbs per decade are required. 

the flip-flops are the preset terminals for 
each unit. These terminals are tied together. 
When a positive voltage is applied, all of the 
NOT true outputs go to a high state, and all 
light bulbs illuminate. The first pulse into the 
decade wi l l turn all the lights off. This results 
in a counting error of one, which isn't im-
portant at high counts. This can be el imi-
nated if the gating logic of reference 1 is 
used, which gives an extra pulse. This pulse 
can be used to clear the preset condition. 

fig. 1. Schematic of the 1, 2, 4, 8 BCD counting decade and lamp drivers. 

The counting logic for 1, 2, 4, 8 BCD is 
shown in table 1. A one indicates that the 
light is on ; a zero indicates the light is off. 
Each decade counts in binary up to 9. The 
tenth input pulse sets the decade to zero 
again and passes a carry pulse to the next 
decade. 

The circuit of fig. 1 shows the simplicity 
of the counter, and a printed circuit (fig. 2) 
makes the wir ing even simpler. 

operation 
Referring to fig. 1, terminals marked p on fig. 2. Printed circuit board layout. 
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fig. 3. B a s e diagrams for fhe 

jil-923 and p.L914, top view. 

z 

UL3H 

Numbers in parentheses next to the light 
bulbs in fig. 1 indicate the value of that 
bulb in counting. For example, if the first 
and last bulbs are on, the count is nine. 

construction notes 
All flip-flops are Fairchild ^1923, all tran-

sistors are 2N388, all light bulbs are number 

wave input without preconditioning. A 
fiL914, wired as shown in fig. 4, will drive 
them. Wiring is shown for either switch 
closure or electrical input. 

To make a BCD counter, use all the ref-
erence 1 or 2 circuitry except for the count-
ing decades, and add in their place the ones 
shown here. 

\ 

m 

fig. 4. A method of s ignal preconditioning using /JL914'S. 

49, and all resistors are 1.5 kilohms, yU watt. 
For those who have never used IC's before, 
base diagrams are always shown as a top 
view. The diagrams and operating voltages 
are shown in fig. 3. 

Don't expect these flip-flops to work re-
liably from a battery and switch-closure ar-
rangement. They won't even count with sine-

references 

1. R. Suding, W 8 N S O / W 0 L M D , " C h e a p and Easy 

Frequency Counter ," 73 Magazine, November 1967, 

p 6 . 

2. G. Jones, W1PLJ, " A n I C Electronic Counter ," 73. 

February 196B, |>. 6. 

3. D. Lancaster, " L o w Cost Counting Uni t , " Papular 

Electronics, February 1968, p. 27. 
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antenna impedance 
transformer for receivers 

TO COAX 
RELAY T 

m 

tebook 

300 OHM 
BALANCED INPUT 

TO RECEIVER 

fig. 1. Receiver antenna coupler. LI is 10 turns no. 
12 enameled, tapped at the center. 

Amateurs spend a great deal of time and 
effort to obtain an impedance match between 
transmitter and antenna. The reason is ob-
vious, of course. They want maximum power 
transfer with minimum loss; besides, it's 
just plain good engineering practice. 

While visiting several local stations, I was 
impressed with the fact that many hams neg-
lect the other end of the circuit: matching 
their antenna to the input impedance of their 
receiver. Receiver manufacturers have no 
way of knowing what type of antenna will 
be used, so a compromise is made in the re-
ceiver input circuit. The receiver is usually 
designed for a balanced 300-ohm load. 

If you run a length of 50-ohm coax from 
your antenna relay to this type of input cir-
cuit, an impedance mismatch of 6:1 will re-
sult. A little figuring will show that the in-
put signal, with this mismatch, will result in 
a substantial loss. 

The little gadget shown in fig. 1, mounted 
on a small phenolic board and attached to 

your receiver input terminals, will increase 
your receiver sensitivity by as much as 6 dB 
(voltage ratio of 2). 

If the coil and capacitor combination has a 
Q around 10 or so, you can adjust the trim-
mer for maximum response and the circuit 
will work without retuning on each band. If 
the Q is higher, of course, you'll have to 
readjust the trimmer for greater frequency 
excursions. 

A note of caution: Most coax antenna re-
lays have quite high isolation (up to 40 dB) 
between transmitting and receiving posi-
tions. However, with this transformer in the 
circuit of a receiver having an fet front end, 
the additional increase in input signal could 
damage the fet; relay isolation notwith-
standing. A couple of diodes, placed as 
shown in fig. 1 will protect the fet from 
overload. 

Alf Wilson, W6NIF 

mounting bnc connectors 
Whenever I mount a BNC connector on a 

panel, I end up scratching the panel as I 
tighten down the connector's retaining nut. 
The answer to this problem lies in a simple 
homemade tool. I cut the tip off an old 
screwdriver and epoxied a BNC female fit-
ting to the shaft with metal epoxy. Now, when 
I install a BNC panel connector, I use the 
modified screwdriver to hold the connector 
while I tighten the nut—no more frayed 
tempers or scratched panels. 

Elliott Kanter, W9KXJ 
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galaxy feedback 
When using the Galaxy V MK2 transceiver 

it's not unusual to have trouble with rf feed-
back. This is particularly annoying on 10 
and 15 meters. 

In most cases the problem can be traced 
to a gassy 12BZ6 rf stage. In this transceiver 
the tube is operating fairly close to the maxi-
mum design limits, and as a result it has a 
tendency to become prematurely gassy. The 
useful life of the 12BZ6 can be increased by 
reducing the plate voltage by 40 volts; ac-
cording to Galaxy Electronics, this does not 
alter the published specifications of the 
receiver. 

Plate voltage on the 12BZ6 is reduced by 
simply replacing resistor R90 (220 ohm, 1 
watt) with a 5600 ohm, 1 watt unit. Resistor 
R90 is located on the Vector extension of the 
6GK7 driver and is very easy to change. 

Jim Willis, WASTFK 

improving ale response in 
the SB-400 and SB-401 

When using the Heath SB-400 or SB-401, 
there's no rf output for several seconds 
when switching out of the spot mode. The 
slow release time of the ale circuit pre-
vents the ssb signal from reaching suc-
ceeding stages for several seconds. This 
seems like an eternity during contest opera-
tion. 
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fig. 2. Adding a dioda to Improve ale 
response in the SB-400/401. The 
added diode thould have near-infinity 
back resistance. 

This problem is caused by a voltage 
spike passed to the ale network when 
switching out of the spot mode. The final 
amplifier bias changes suddenly from -100 V 
to -50 V, which creates a 50-volt pulse. 
This pulse must bleed off the ale line be-
fore the transmitter can operate. 

I solved this problem by installing a sili-
con diode as shown in fig. 2. However, 
a word of caution is is order. Adding the 
diode places it in series with a 4.7 megohm 
resistor in the voltage divider on the output 
side of the ale network. If the back resist-
ance of the added diode is too low, a per-
manent voltage will be put on the ale line. 
This will decrease transmitter gain. 

For example, assuming a back resistance of 
47 megohms in the diode, the 3 V bias on 
this diode will produce 0.3 V on the ale 
line. Of course, a lower diode back re-
sistance will put a higher permanent voltage 
on the ale line. So make sure the diode 
measures near infinity in the backward di-
rection! 

With a good diode, ale voltage will be 
3 V. This doesn't interfere with ale opera-
tion in my particular rig, but I can't guar-
antee it won't create a problem in other 
transmitters. 

David Wojcinski, WA9FDQ 

modular fm receiver 
There has been some misunderstanding 

regarding the Plectron circuit boards de-
scribed in the fm communications receiver 
article in the June, 1969 issue. The Plec-
tron part numbers given in the article were 
not correct, so inquiries made to the com-
pany received negative replies. To readers 
who had their requests for printed-circuit 
boards turned down, we offer our apologies 
for the confusion. 

If you are interested in purchasing Plec-
tron boards for the fm communications re-
ceiver, send your order to Mike Meyer, 
Plectron Corporation, Overton, Nebraska 
68863. High-band rf board number 3872, 
$12.95; low-band rf board number 3883, 
$9.00. 
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transistor replaces relay 
About five years ago I built a TO-type key-

er based on Jim Ricks' circuit. The relay that 
I used originally was not the recommended 
(and expensive) type and it lasted about three 
months, I replaced it with another one that 
was hermetically sealed; a surplus unit that 
originally cost someone about $55. It lasted 
about nine months. 

So I tried a cheapie—an open-frame relay 
that I picked up at a surplus store for 29c. 
Surprisingly, it lasted four years and was still 
going when I decided to replace it with a 
transistor. 

TV TRANSMITTER 

-108 

fig. 3. Solid-stata keyer for the W9TO keyer. 
CI eliminates any transients generated by the 
multivibrator. 

ing to be sure. Turn on the transmitter and 
the keyer. When warmed up, the transmitter 
will come on as though you were holding 
down the key. Press and hold the dot paddle, 
and while doing so, slowly turn the pot 
clockwise until you see that the transmitter 
is being keyed by the dots. To acquire a feel 
for the marginal area, turn the pot back and 
forth and notice the transmitter reaction. 
Turn the potentiometer clockwise a little past 
the marginal area—that's it. 

The purpose of C1 is to eliminate any 
transients generated by the primary free-
running flip-flop. The transient occurs dur-
ing the dash period when the free-running 
multivibrator goes negative. When the relay 
was used, the transients were not apparent 
because of the relay's inertia and the short 
time of the transient. But with a fast transis-

fig. 4. Wavetrain when the dash 
paddle is keyed. The multivibrator 
transients weren't a problem with 
the original keying relay because of 
the inertia of the armature. 

J T i r r i J r T r r ~ L r r T r r - L 

OUTPUT OF 
FREE-RUNNIt 
MULTMBRATt 

STRINGS OF 
M SHE'S 

TROUBLESOME SPIKES 
EUMIIUTEO 0Y CI 

The idea was to do a minimum of rework-
ing on the TO circuitry. Fig. 3 shows the 
changes. V1 is the relay driver tube; the relay 
coil is disconnected from the plate, and the 
plate is tied to the resistor network shown 
in the diagram. The 25k potentiometer can 
be a miniature unit put in some inconspicu-
ous but accessible place; once it's set, it can 
be forgotten. 

The output to the transmitter is the tran-
sistor collector. This type of keying can only 
be applied to a system using grid-block key-
ing where the keyer shorts a negative voltage 
to ground through a relatively high resistance. 

After completing the modification, turn 
the potentiometer fully counter-clockwise be-
fore turning on the power. Recheck your wir-

tor, the transient could (and did) appear on 
the carrier. C1 was selected to provide ade-
quate filtering without materially affecting the 
dot-space ratio. It did have a slight effect 
which was compensated by readjusting the 
keyer weight control. 

It's a great improvement. No more relay 
chatter (which the wife appreciates). No more 
contact bounce, no relay replacements to 
make, and it's really fast! 

A note on the 2N398: The technical data 
shows that it can hold off 105 volts. The volt-
age that it's holding off in my Heath Apache 
is 105 volts. This is really riding it close. 
However, it's been on the air every night for 
several months and is still going strong. 

Frank Case, W3NK 
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hybrid ic amplifier 

Bendix Semiconductor is currently offering 
the first hybrid integrated-circuit device 
capable of a sustained 15 watts output. 
The 15-watt class-B audio amplifier ex-
hibits distortion of 1 percent or less while 
operating into conventional loudspeaker 
loads. An input signal of 350 mV will drive 
it to full output; this is compatible with 
most existing audio preamplifiers. Trim-
ming of idle current and crossover char-
acteristics is provided through external 
terminals. The BHA-0002 is designed for 
use in high quality receivers, stereo/hi-fi 
amplifiers, public address systems, inter-
coms and music systems. Power gain is 60 
dB, frequency response is from 25 Hz to 20 
kHz, input impedance is 18 kilohms, ef-
ficiency is 60 percent, and noise output 
relative to 15 watts is minus 70 dB. 
$9.40 from your local distributor, or 
write to Bendix Semiconductor Division, 
South Street, Holmdel, New Jersey 07733. 

breadboard kit 

Alco Electronics has recently come out 
with a design board with pre-punched holes 
for plug-in Alco terminal strips for bread-
boarding circuits. The Alcostrips may be 
quickly inserted and removed from the de-
sign board when experimenting with new 

circuits. The complete circuit-board kit in-
cludes 16 Alcostrips in eight different sizes 
and one design board. $10.95 from your dis-
tributor, or write to Robert Laffey, Alco 
Electronic Products, Inc., Lawrence, Massa-
chusetts 01843. 

tuning diodes 

Sophisticated frequency control of uhf cir-
cuits is possible with a new series of high-
er tuning diodes from Motorola. The 
1N5461-1N5476 series operate over a 30-

volt range and are available with a 
nominal capacitance tolerance of 2 per-
cent (C suffix). This high uniformity is es-
sential where stage-to-stage tracking in 
tuning is required, but for less stringent re-
quirements 5 percent and 10 percent units 
(B and A suffixes, respectively) are avail-
able. 

The nominal capacitance range of 
these diodes runs from 6.8 to 100 pF. The 
minimum Q is 600 for Ihe 1N5461A (6.8 
pF), and 200 for the 1N5476A (100 pF). The 
minimum tuning ratio (capacitance at 2 
V to capacitance at 30 V) is 2.7. For data 
sheets with typical design curves, write to 
Technical Information Center, Motorola 
Semiconductor Products, Inc., P. O. Box 
20924, Phoenix, Arizona 85036. 
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telequipment solid-state 
oscilloscope 

The first thing you notice when you unpack 
the new Telequipment S54 solid-state oscil-
loscope is it's remarkably compact size. 
It's only 7-inches wide, 9-inches high and 
16Yj-inches deep including rear CRT pro-
tection and panel knobs. Plus it's light-
weight—a very attractive package. While 
the price is more than most of us have 
been accustomed to paying, it is in line 
when you consider the excellent specifica-
tions and performance. The S54 is built by 
Telequipment, an English subsidiary of 
Tektronix. Therefore it's backed by the 
Tektronix reputation for quality and their 
excellent field service organization. 

The almost 100% transistorized circuit 
promises long life; power consumption is 
so low (30 watts) that the cabinet does 
not get warm even if the instrument is left 
on all day. 

The S54 features triggered sweep, 35 ns rise 
(per AF book) time, 3 dB bandwidth from dc 
to 10 MHz and calibrated vertical and hori-
zontal deflection amplifiers. The one item that 
sets this professional instrument apart from 
the usual scope is the use of triggered 
rather than recurrent sweeps. The scope 
trace is triggered line by line on a se-
lected point of an incoming test signal— 
depending on the operating mode. This is 
selected by front-panel pushbuttons which 
give you a choice of tv frame, tv line or 

other triggering modes. The two tv modes 
are convenient for tv service work since the 
scope easily locks on to the horizontal 
sync and displays the color burst with no 
attenuation. In this respect, stability is far 
superior to lower priced scopes. 

The S54 uses an unregulated power sup-
ply but the stability is entirely satisfactory. 
The only tubes besides the CRT are the 
nuvistors in the vertical input circuit. 
Vacuum tubes are much more tolerant of 
inadvertent overvoltages than transistors 
and can occur if the scope is connected to 
a strong input signal before the input at-
tenuator is adjusted. 

The sweep speed is selected by a cali-
brated range switch; 22 speeds are avail-
able, from as slow as 2 seconds per cm 
up to 0.2 microseconds per cm. The low 
speeds might be used by amateurs experi-
menting with slo-scan tv or ESSA weather 
pictures. The faster speeds are of interest 
if you're working with rf or digital cir-
cuits. 

The price on this versatile new scope is 
$350. For more information, contact your 
local Tektronix office or write to Tektronix, 
Inc., P. O. Box 500, Beaverton, Oregon 
97005. 

audio-frequency standard 

The Pioneer model 300R is a highly stable 
solid-state audio-frequency standard that uses 
a newly developed quartz resonator in a tem-
perature-controlled oven. Up to three stan-
dard frequencies may be selected from the 
front panel, with stability to 0.005%. This 
instrument Is especially useful for setting up 
rtty equipment, but may be used for cali-
brating oscillators, oscilloscopes and bridges. 
It is also useful for making highly accurate 
inductance and capacitance measurements. 
The model 300R functions as either a tone 
receiver or tone transmitter; the model 300K 
is a kit version of the model 300 without a 
cabinet. For more information, write to G. G. 
Glassmeyer, K6REU, Pioneer Electronics, 738 
Pacific Street, San Luis Obispo, California 
93401. 
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CQ de W2KUW 
WE NEED YOUR SURPLUS TUBES 

1P21 3CX2500 

2C39 3CX3000 

2K25 3CX5000 

2K48 3CX10.000 

2K (any digits) 3E29 

3-400 3K (any digits) 

3-1000 4-65 

3B24 4-125/4D21 

3B28 

4-250/5D22 4CX3000A/8169 

4-400A/8438 4CX5000A/8170 

4-1000A/8166 4CX5000R/8170W 

4X150A 4CX10,000/8171 

4CX250B 4X150G/8172 

4CX250R/7580W 4PR60A or B 

4CX300 4PR (any digits) 

4CX250A/8321 5-125B/4E27A 

4CX1000A/8168 

5R4WGB 304TL 

6BL6 VA (all types) 
6BM6 or 6A 250TH 

6L6 450TH 

7D21 450TL 

8D21 QK (all types) 

9C21 715C 

9C25 802 

75TL 

805 891R 

807 TW (all types) 

810 TWT (all types) 

811A NL (all types) 

812A 4000 series 

813 5000 series 

832A 6000 series 

833A 7000 series 

891 8000 series 

Please send us your surplus inventory 
lists. We want to buy other tubes and 
TX — RX — test equipment. 

The TED DAMES Co. 
308 HICKORY ST., ARLINGTON, N. J. 07032 

Phon»: 201 99B-4246 

high-frequency 
oscilloscope 

The new economy-priced Leader LBO-52B 
oscilloscope features a 3 dB bandwidth 
from dc to 10 MHz with hybrid circuitry. 
Its 10 mV/cm sensitivity makes it especial-
ly suitable for low-level rf signals in ssb 
equipment and i-f amplifiers. The wide 
sweep range has automatic synchroniza-
tion, and the vertical and horizontal in-
puts are direct coupled to push-putl am-
plifiers for distortion-free displays. The 
units also provide vector pattern display 
for color tv circuits—this permits viewing 
patterns at the chroma detector to align 
the chroma section of the tv set. Priced at 
$199.00 from Leader Instrument Corpora-
tion, 24-20 Jackson Avenue, Long Island 
City, New York 11101. 

antique tubes 
If you're working with old radio gear, but 
can't find a particular vacuum tube, you 
might try Arcturus Electronics. They recent-
ly acquired nearly 10,000 obsolete tubes, 
circa 1925-1930, to add to their already 
considerable inventory of the same hard-
to-get types. Listings plus prices of thou-
sands of other items are included in their 
recently published catalogue, which they 
will send on request. Write directly to 
Arcturus Electronics Corporation, 5Q2-22nd 
Street, Union City, New Jersey 07087. 
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solid-state voltmeter 

O n e of the best items to c o m e from Heath -

kit in quite awh i l e is the n e w I M - 1 7 utility 

sol id-state voltmeter. T h e I M - 1 7 uses o n e fet 

a n d four b ipo lar transistors p lu s o n e d i o d e 

to p rov ide v t vm per formance. 

A l l o f the electronic c o m p o n e n t s are o n 

o n e circuit boa rd ; this and the front panel 

s l ides into a plastic case w h i c h fo lds over 

to cover up the w h o l e unit. A hand le is 

m o l d e d into the case for carrying. 

T h e ranges o f the I M - 1 7 are f rom ze ro to 

1000 volts ac o r d c a n d ze ro to 100 m e g -

o h m s . W i t h the fet input circuit this v o m 

acts like a v t vm wi th a h i gh input resistance 

so any circuit unde r test wil l no t b e loaded 

d o w n . T h e input resistance o n the d c ranges 

is 11 m e g o h m s . T h e dc scale is covered in 

four pos i t ions, as is the ac scale. T h e re-

s istance ranges are 1, 100, 10k a n d 1 m e g -

o h m center scale. There are n o current 

ranges. T h e on l y th ing not i nc luded in the 

kit are two batteries; o n e C cell and an 8.4-

volt mercury cell. T h e mercury cell wasn ' t 

avai lable at the local radio store but the 

manua l c a m e to the rescue w i th a r e com-

m e n d e d substitute. 

T h e I M - 1 7 makes a n ice meter for p r imary 

use in the shack o r as a s e c o n d o n e to use 

o n the mob i l e o r field day. If y o u ' v e b e e n 

l ook i ng for a n e w meter, here is a v o m that 

acts like a v t vm for on l y $21.95. 

ham radio 

BOOKS! 
Radio Society of Great Britain 

RAD IO C O M M U N I C A T I O N H A N D B O O K — Fourth 
Edition 

A complete guide to virtually all technical 
aspects of amateur radio. Over 5 0 % larger than 
previous editions. Prepared by the outstanding 
amateurs in Great Britain today. 832 pages. 

Hardbound $11.95 
A M A T E U R RAD IO T E C H N I Q U E S — Second Edition 

J. Pat Hawker. G3VA 
Brand new edition — completely revised. A very 
complete collection of short articles and ideas 
covering many aspects of amateur radio. Includes 
new enlarged semiconductor section. 160 pages. 

Only $2.50 
AMATEUR RAD IO C IRCU ITS BOOK 
Completely revised — new edition. A very handy 
collection of many useful circuits for amateur 
use. Loaded with good ideas for that new con-
verter, exciter or other project you are working 
on. Only $2.00 
RAD IO DATA R E F E R E N C E BOOK — Second 

Edition — By G. K. Jessop, G6JP 
Here in a 148 page book is one of the most com-
plete compilations of radio and electronic charts, 
nomographs, formulas and design data available. 
Whether you design, build or operate, this is a 
book you must have. Only $2.50 
W O R L D AT THE IR F INGERT IPS — John Clarri-

coats, G6CL 
A very interesting history of the R S G B and of 
amateur radio in Great Britain. It gives a great 
insight into the development of our hobby. 

Paper back edition $2.50 
Deluxe edition $6.50 

Other Important Volumes 
RAD IO H A N D B O O K — 18th Edition 
How to design, build and operate the latest types 
of amateur transmitters, receivers, transceivers 
and amplifiers. Provides extensive, simplified 
theory on practically every phase of radio. 

Over 800 pages Only $13.50 
A L L A B O U T C U B I C A L Q U A D A N T E N N A S by W6SA I 
Construction and tuning data. Multi-band Quads. 
Charts, drawings and photos for your Quad. Full 
complete data on homemade Quad antennas. 
The new X-Q Quad. $3.95 
VHF H A N D B O O K by Orr W6SA I & Johnson W6QK I 
First complete Handbook covering the VHF spec-
trum! Many VHF construction projects. Design 
and construction of VHF transmitters, receivers 
and antennas! Make your VHF station work! 

$3.75 
THE C A R E A N D FEED ING OF POWER GR ID 

T U B E S by Robert Sutherland, W6UOV 
Just as the title says, a very complete rundown 
on the use of power tubes. Be sure to read this 
before you start work on your new linear. 

Only $3.95 
B E A M A N T E N N A H A N D B O O K by William Orr, 

W6SA I 
New edition. Theory, design, construction, and the 
installation of rotary beam antennas! S W R data! 
Multi-band beams. 40 meter beams, 20 meter DX 
beams! How to make your beam work! 200 pages. 

$3.95 
NOV ICE & TECHN IC IAN H A N D B O O K by W6SA I 

and W6TNS 
All about amateur radio in non-technical language! 
How to learn the code. How to assemble your 
ham station. Transmitters! Receivers! DX! How to 
get Q S L cards. $2.95 
ELECTRONIC CONSTRUCT ION H A N D B O O K by 

Robert Lewis, W 8 M Q U 
All about design • construction - layout and testing 
of electronic equipment. Non-technical guide for 
kit-builders and your best key to better perform-
ance of your equipment! $2.95 

Postpaid in U S A & Canada 

Box 592 " Amherst, New Hampshire 03031 
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partners 
in 

excellence 
RADIO 

CCMMDHlCATiaV HANDBOOK 

An outstanding technical guide 
to all phases of amateur radio. 
In 832 pages 20 complete chap-
ters are devoted to such subjects 
as single sideband, antennas, mo-
bile equipment, RTTY and much, 
much more. 

This excellent book has received 
wide acclaim on both sides of the 
Atlantic and belongs in your li-
brary . . . now. $11.95 

OTHER 
POPULAR RSGB PUBLICATIONS 

Radio Date Reference Book $2.50 
VHF-UHF Manual 3.75 
Amateur Radio Techniques 2.50 
Amateur Radio Circuits Book 2.00 
World at Their Fingertips 2.50 

All prices postpaid in USA & Canada 

Many thousands of you have be-
come very familiar with the vari-
ous Radio Society of Great Britain 
books and handbooks, but very 
few of you are familiar with their 
excellent magazine, Radio Com-
munication. 

This is the oldest and most widely 
read British amateur radio maga-
zine. Published monthly it pro-
vides complete coverage including 
such popular features as: Techni-
cal Topics, a monthly survey of 
the latest ideas and circuits, Four 
Meters and Down, a rundown of 
the latest in VHF and UHF and 
much more. 

It includes numerous technical 
and construction articles in addi-
tion to a complete rundown on 
the month's events in amateur 
radio. Surely a most interesting 
addition to your amateur radio 
activities. 

We can now offer this fine maga-
zine to you along with the other 
advantages of membership in the 
RSGB (such as use of their out-
going QSL Bureau) for only $6.00 
a year. 

b o o k d i v i s i o n 

/ 
Bo* 592 • Amherst, New Hampshire 03031 

"WE ARE THE EXCLUSIVE NORTH AMERICAN DISTRIBUTOR FOR RSGB PUBLICATIONS 
OEALER INQUIRIES INVITED" 
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look jim 
fisk 

One of the most devastating experiences that 
could befall a ham is to lose an expensive 
tower and antenna during a storm. What's 
even worse is to be forced to dismantle an 
antenna intallation because of some over-
looked restriction pertaining to a local zoning 
law or building ordinance. 

Hams often erect antennas and install elec-
trical wiring at a new location in their eager-
ness to get on the air, only to receive a "cease 
and desist" order from local authorities be-
cause of some oversight. If you plan to rent, 
lease, or buy a choice piece of real estate that 
promises to be the answer to a dream loca-
tion, it's well to examine the fine print in all 
legal documents associated with the transac-
tion before you sign anything. 

In many parts of the country, local build-
ing codes contain restrictions against the in-
stallation of "radio transmitting apparatus 
and appurtenances thereto." Such restrictions 
are often included in lease agreements, title 
insurance policies, and grant deeds. 

Housing developments are becoming a part 
of the more densely populated areas of the 
country. Property deeds in these develop-
ments often prohibit installation of "struc-
tures that conflict with the existing and 
planned decorative ensemble," or similar 
phraseology. The language of these docu-
ments is often made vague for a purpose: the 
development planners (and your neighbors) 
can then ban any structure they might con-
sider to be at variance with local architectural 
and landscaping motifs. Such structures 
might include anything from chicken coops 
to your $500 antenna installation. 

Before buying or leasing property, make 
certain a clause is added to the legal docu-
ments that will allow you to install a tower 
and antenna. It's a good idea to enlist the 

services of an attorney to help you word the 
clause, otherwise loopholes may exist that 
will cause all kinds of problems. The small 
fee for the attorney's help is well worth the 
peace of mind after you sign on the dotted 
line. 

As a first approach, consult your local radio 
club. In most large cities, ham clubs are rep-
resented by people who are knowledgeable 
in this area, or have members who can steer 
you in the right direction. In California, for 
example, the Los Angeles Council of Radio 
Clubs has a service that provides answers to 
questions from any ham regarding the spe-
cific language in a clause to be added to a 
real estate document. This service is provided 
gratis by W6QJW and WA6ZCO as a contri-
bution to amateur radio. Many other cities 
have similar services. 

Sometimes electrical and building codes 
aren't included in real estate documents; 
nevertheless they're still a part of local law. 
These ordinances should be thoroughly in-
vestigated before you add anything to your 
property. You might take a tip from the ex-
perience of one ham who installed a heavy-
duty 220-volt circuit between the power com-
pany's service drop and his kilowatt trans-
mitter. Not only did he neglect to obtain a 
construction permit he also tied several guy 
wires from his tower to a power company 
utility pole. He was doing great in a DX con-
test one day when he was visited by a repre-
sentative of the local sheriff's office. Sure 
enough, he was presented with a "cease and 
desist" order that required him to disassem-
ble his tower and the 220-volt line to his rig. 
This chap finished the DX contest with an 
indoor dipole antenna and a healthy respect 
for local ordinances. 

Jim Fisk, W1DTY 
editor 
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dual-band 
stripline 

amplifier/tripler 
for 

144 and 432 mhz 

This state-of-the-art 

stripline amplifier 

provides an effective 

efficient way 

to get on 

two popular 

vhf bands 
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Here is an easy way to update your present 
2- to 20-watl two-meter exciter and get on 
432 MHz at the same time. Bandswitching 
is accomplished merely by adjusting ihe 
tuning controls on the front panel. 

The 500 watt capability on two meters 
is more than enough for most serious vhf 
enthusiasts, while the 80 watts available on 
432 MHz is a respectable output and will 
give ample drive for almost any kilowatt 
final you may build. 

The stripline tuned circuits used in this 
unit yield high Q and result in well-shielded 
cavities although common aluminum chas-
sis are used throughout. Furthermore, this 
amplifier/tripler can be reproduced with 
little difficulty—all cavity parts are made 
from ordinary flat material with a nibbling 
tool. 

The unusual grid circuit allows indepen-
dent adjustment of the resistive and reactive 
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components so (hat the input to the amplifier 
can be made to look like 50 ohms. This is 
an important factor when driving an ampli-
fier with a transistorized 2-meter transmitter 
since transistors are vulnerable lo a high 
swr load." 

The stripline technique is a modern cav-
ity approach you have probably seen be-
fore,1 •-••'M and I suspect you will see more of 
it in the future. Theory of operation is almost 
identical to coaxial cavities, but striplines are 
much easier to build, often provide higher 
Q's, and have some flexibilities which do 
not exist with conventional cavities. For ex-

fig. 1. Simplified schemat-
ic diagram of the grid and 
piste circuits of the 144/ 
432 MHz amplifier/tripler. 

ample, continuously tapered lines are easy 
to build with stripline, but picture the plight 
of an amateur searching for continuously 
tapered pieces of tubing if he were using 
normal coaxial cavities for an amplifier like 
this one. 

The stripline is placed midway between 
the ground planes in this amplifier/tripler 
so equal rf currents flow along both sides 
of the conductor and full advantage is taken 
of the stripline technique. In ordinary coax-
ial cavities, as with stripline, rf currents only 
flow along the outer surface of the inner 
conductor; with stripline this conductor can 

' I drive the amplifier/lripler with a solid-state 20-

wall-outpul 2-meter nbfm transmitter that uses one 

$30-type transistor. I will be gtad lo send you a 

schematic diagram lor a self-addressed, stamped en-

velope. 

conveniently be made very wide, which 
keeps losses down. 

operation 
The plate circuit for 432, consisting of 

L1 and C I , is a half-wavelength resonator 
with a "flapper" variable capacitor for tun-
ing (fig. 1). At the voltage nodal point on LI 
where an rf choke for feeding in 8 + would 
normally be connected, a folded half-wave-
length line is used instead (L2 and C2, res-
onant at 144 MHz). If the nodal point on 
LI is correctly chosen, the 144-MHz line 
causes no compromise on 432 MHz. 

Inside view shows positioning of copper-clad 
stripline. Part of L4 is visible inside the bend 
of the 144-MHz line in the upper left-hand 
comer; C1 Is in the lower left. 

& 
438 MHi 
OUTPUT 

43S 
LMO 432 C4W7Y 

13 CI 

144 NEUTRALIZATION 
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The components of the 432 cavity act as 
stray capacitance to the 2-meter cavity, and 
slightly increases current in the 2-meter 
section. The inherent high Q of the strip-
line and the demonstrated efficiency of 75 
percent on 2 meters indicates thai this is 
not a problem. 

When you desire 432 MHz operation, L'l 
and C1 are resonated to 432, and the 2-meter 
cavity is tuned off resonance by minimizing 
the flapper capacitor C2. The output loop 
L3 and C3, tuned to 432 MHz, supplies 432 
MHz energy to ]2. 

When two-meter operation is desired, the 
432 cavity is tuned off resonance by mini-
mizing C I , and the two-meter cavity is 
resonated with C2. The output loop L4 and 
C4, tuned to 144 MHz, supplies output to 
J3. 

The shield between the two cavities and 
the individually-tuned pick-up loops mini-
mize undesired output frequencies. In ad-
dition, the shield breaks the box into two 
smaller chambers that greatly reduces the 
possibility of a higher mode resonance; this 
danger exists whenever two dimensions of 
a box approach one half wavelength, and 
this little-known factor has often frustrated 
amateurs. When it occurs, you can't make 
the cavity resonate al the correct frequency, 

Grid-circuit layout. Inductor L5 is above socket; C5 
and C6 are stacked to the right. The C2 tuning 
mechanism is in the lower right-hand corner. Stiff 
wire in lower center is part of neutralizing network. 

find the correct position of the output coup-
ling loop for proper loading, or make push-
pull finals share the load equally. When the 
box i I self resonates, it is usually unloaded 
and has a higher Q than the resonator in-
side; this causes the box resonance to pre-
dominate. All in all, you are safer if you 
keep boxes small. 

I think it's lime that amateurs try some-
thing besides link-coupled grid circuits. 
Motorola has an excellent application note5 

which describes a number of matching cir-
cuits and gives values for 50-ohm systems. 
Although intended for transistor applica-
tions, lliey are applicable to tubes as well. 
The circuit I used allows the resistive and 
reactive component to be adjusted over a 
large range. It is reassuring to put an swr 
meter between the driver and final and be 
able to adjust for a 1:1 match at all reason-
able drive levels. 

During two-meter operation, the grid of 
a 4CX250B looks like 16 pF in parallel with 
a 3k resistor. With the greater bias and 
drive used for tripler operation, this resist-
ance goes up to about 14k. The schematic 
of the grid circuit is as follows: 

MTOUNG NETWORK 

Capacitor C5 controls the transformation 
ratio (loading) and C6 controls the reactive 
component (tuning). The values in fig. 2 
have enough range for operation on either 
144 or 432 MHz. Some stretching or squeez-
ing of L5 may be required to center the 
tuning of C6. C7 in series with C5, merely 
sets the range of C5. The resultant grid cir-
cuit has a loaded Q of 20 for 144 MHz 
operation and 75 for 432 MHz operation. 

construction 
The amplifier/tripler is built in two 

8x12x3-inch chassis screwed together top to 
bottom. The top of the upper chassis is 
nibbled away, leaving a 3/4-inch wide mount-
ing surface for the cover plate. The tube 
socket hole is drilled 2-7/8-inches from the 

8 0 february 1970 



JONES CHASSIS PLUG 

O 

OUTPUT 
METER 

J3 
MHz OUTPUT 

I +270 V, 30 mA 

2 - 90 V, 30mA 

3 GROUND 

J5 CONNECTIONS 

AMPHENOL MHV JACK 

C1, C2 

C3 

C4 

C5, C6 

CS 

c s 

Stripline flapper capacitors; see fig. 6 

0.4-8 pF piston (JMC 1802). APC types do 
not function well here 

25 pF air variable (APC-25) 

17.5 pF air variable (HF-15) 

0.5-3 pF piston (JFO VC25G) 

Screen bypass capacitor, part of the tube 
socket 

Neutralizing capacitor, 3/4" diameter brass 
plate, V»" from L2 in vicinity of C2. 

D1 

D2 

L I , L2 

L3, L4 

L5 

R3 

R4 

T1 

hot carrier diode (Hewlett-Packard HP-2301) 

Fairchild FD-100 

Stripline inductors, see fig. 4 

Output coupling loops, see fig. 5 

1V2 turns no. 12, 5/18" diameter, Vi" long, 
with 7 i" lead length 

5 feet no. 22 wire, coiled 

17.5 feet no. 22 wire, coiled 

6.3 volt, 3A transformer (UTC S-55) 

fig. 2. Complete schematic diagram of the amplifier/tripler. Resistor R3 should be 0.98 ohm. 

rear of the chassis and 2-1/8-inches from 
the left side. One side of a third 8x12x3-inch 
chasis was sawed off and shortened slightly 
to serve as the shield between the two 
cavities (fig. 3). 

A less expensive approach would be to 
bend this shield from a piece of sheet 
aluminum, but I didn't have a sheet metal 
brake available. The shield is located 4-1/4-
inches from the rear of the chassis. Some 
of the holes in the shield were positioned 
to optimize cooling of the two-meter strip-
line. Subsequent tests have shown that this 
was not required. The hottest point on the 
two-meter line runs 50° C hotter than the 
cooling air. 

I used 6-32 bolts and blind Bendix rivnuts 
for fastening the top plate. This was done 
because it was necessary to remove the top 
cover many times during the stripline trim-
ming process. However, now that the de-
sign is completed, self-tapping sheet-metal 
screws should serve nicely. The stripline is 
buiit from a single 6x10-inch piece of 1/16-
inch double-sided two ounce copperclad 
epoxy-fiberglass board (fig. 4). 

This material was used because it is easy 
to cut and solder. The conductor thickness 
is more than adequate since rf current skin 
depth in copper at 144 and 432 MHz is 
0.218 and 0.125 mils respectively. Almost 
any rigid material with a copper thickness 
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fig. 3. Layout of the shield used between the 144 MHz and 432 MHz resonant circuits. Shield is located 4V<" 
from the rear of the amplifier (see photos). 

greater than 2 mils should work well. I 
don't recommend brass for the two-meter 
line or excessive use of solder to connect 
the rf choke at the high current point since 
these materials have higher resistivity. 

The finger stock around the tube anode is 
soldered to both sides of the copperclad 
board. The intrinsic capacitance between 
the two sides of the board eliminates the 
need for any other connections. The rf choke 
is connected to the upper side only. I like 
the softer, folder-over type, silver-plated 
finger stock for ease of the tube removal, 
but the stiffer brass types will also work. 

The stripline is supported above ground 
plane by four 1-1/2-inch long threaded por-

celain spacers. Their location was chosen 
so that they don't lie in an area of high rf 
potential which might cause excessive dielec-
tric heating, or in an area of high stripline 
current. They were also placed so that they 
hold the stripline rigid at the flapper capaci-
tors, and no evidence of drifting has been 
noted during 144 or 432 operation. Rexolite 
or Teflon spacers might be superior elec-
trically, but properly-placed porcelain ones 
seem quite adequate. 

Cooling air is brought into the lower 
chassis through a 1-1/2-inch hole and out 
the upper chassis right side through a 1-1/2-
inch screened hole. The air traverses the 
length of both chassis and cools all com-

fig. 4. The dual-band 
stripline is built 
from 1/16"-thick 
double-sided 2-
ounce copper-clad 
epoxy-fiiberglass 
printed circuit board, 
B + is connected at 
the point marked 
with an asterik. 
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432 OUTPUT 

2 -»l 

W 
j» ^ WIX COPPER OR BRASS 

L4 IS NO. 12 AWG 
WITH TEFLON TUBING 

LI 

L2 

SOLDER TO UHF JACK 
" ON FUXR OF UPPER 

CHASSIS 

- CONNECT TO Cf 

o o 

fig. 5. Output coupling loops. Capacitor C4 is 
mounted on the front of the amplifier 2-1/8" below 
the top and 3-7/8" in from the right side. L4 loop is 
positioned Vj" from inside bend of L2. 

porients. The screening was first t inned 
around the edges; the inside of the hole 
was tinned wi th aluminum solder using a 
soldering iron attachment on a butane torch. 
It was then easy to tack the screening in 
place wi th the iron attachment and torch. 

TCP COVER PLATE 

STRIP LINE L2 

tuning capacitors 
The flapper capacitors C1 and C2 are buil t 

as shown in fig. 6. They are made from spring 
brass; the dial cord is brought through a 
small hole in the chassis and wrapped 
around a bakelite rod which extends through 
the front panel. Dri l l ing a small hole in the 
rod and tying the dial cord through it 
avoids any slippage. If the two holes through 
the chassis are small enough, there's almost 
no loss of cooling air. Do not use metallic 
dial cord. 

The bakelite rods are each supported by 
two shaft bushings which are intentionally 
misaligned to cause friction so that the 
capacitor wi l l hold its setting. A sheet of 
10-mil Mylar f i lm glued to the top surface 
of each flapper wi th silicone rubber ad-
hesive insures that a high-voltage short wi l l 
not occur if the flapper touches the strip-
line. 

Capacitor C2 consists of the variable flap-
per on the bottom of the stripline and a 
fixed but semi-adjustable capacitor plate on 
the top side. It is properly adjusted when 

L 
I 

I o o 1 
2 o o 

t 
i . 

t 

1/16" THICK 
STIFFENERS 

LOWER CHASSIS 

BAKELITE ROD 

bJ * SPACER USED AS DIAL-CORD TIE POINT 

SPRING BRASS 
FLAPPER 

fig. 6. Construction of variable ca-
pacitors C1 and C2. For installation, 
6-32 nuts are soldered to the brass 
stiffeners and the mounting plate for 
the fixed portion of C2. The C1 flapper 
is located 3/8" below L1; C2 flapper 
is 1/4" below L2 and the fixed por-
tion of C2 is 3/16" above L2. The fixed 
portion of C2 is shown bolted to the 
side of the chassis for illustration— 
it is actually bolted to te front of the 
chassis as shown in the photo. The 
1/2" hole in the fixed portion of C2 is 
centered on the stripline mounting 
bolt. 

COPPER-GLAD 

FIXED \ C2 

o 

A ioiAM HOLE / o X 
k - y - H k - y - H 

. i 
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the two-meter line resonates with equal 

spacings of these two capacitor plates— 

approximately 3/16 inch. 

power supplies 
A 500-watt input on 144 M H z requires 

5.2 watts drive and +2000 volts at 250 mA, 

+ 2 7 0 volts at 30 mA and - 9 0 volts bias; 80 

watts output as a 432-MHz tripler requires 

than 375 watts output may be obtained. 

The —90V grid-bias supply makes ad-

justments easier and eliminates the need 

for B + relays When drive is removed, the 

tube turns off, even though B + and screen 

voltage are still present. 

The 4CX250B filament is designed for 6.0 

volts; a dropping resistor of 0.08 ohms 

must be used if a 6.3-volt transformer is 

fig. 7. Operating charac-
teristics of tha hot-carrier-
diode output meter. 

280 

280 

240 

220 
200 
180 

ISO 

140 

ISO 

IOO 

SO 

60 

4 0 

20 

0 

OUTPUT 

/ / 
/ 

/ EFf icie ncy 

/ 

3 4 S 6 7 8 

144 MHz DRIVE (WATTS) 

20 watts of two-meter drive and 1400 volts 

B + . Less drive will still give acceptable re-

sults as fig. 8 and 9 illustrate. These measure-

ments were made with a used 4CX250B tube 

in the final. Al l power measurements were 

made with +1400 volts supply, the limit 

of my high-voltage power supply. If you use 

a 2000 volt supply for two-meter operation, 

efficiency will be slightly higher, and greater 

used. This 2-watt resistance is simply formed 

with a 5-foot length of no. 22 wire coiled 

around a suitable form. An optional wire-

wound potentiometer allows decreasing 

the 6.0-volt filament voltage to 5.5-V for 

432-MHz operation. The back-bombardment 

of the cathode caused by 20 watts drive 

causes considerable heating, and decreased 

filament voltage wil l extend tube life. 

fig. 8. Operational charac-
teristics of the amplifier/ 
tripler when used as a 
144-MHz amplifier with B + , 
1400 V, screen voltage, 
270 V, and grid bias, —90 
V, Higher output and effi-
ciency can be obtained 
with 2000 volts B + . 
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O n the subject of 4CX250B's, I have found 

that many of these tubes will blow the 

screen-grid and plate fuses when excita-

tion is first applied. This may happen two 

or three consecutive times, and after that 

no trouble is experienced for hundreds of 

hours. I suspect that small pieces of ma-

terial which seem to be floating around in 

feedthrough. A similar stiff piece of wire 

on the other side of the chassis connects 

the feedthrough to piston capacitor C8. The 

rotor of C8 is fastened to a large ground lug 

which is soldered to the grid pin of the 

4CX250B. 

The folding of the two meter cavity re-

duces the total length of the neutralizing 

I 

fig. 9. Operational char-
acteristics of the ampli-
fier when used as a trip-
ler from 144 MHz to 432; 
B + , 1400 V; screen volt-
age, 270 V; grid bias —90 
V. 

£ 

EFFICIENCY 

OUTPUT 

/ f i 
« 
144 

6 

MHz 

e to ii 

DRIVE POWER 

14 IS 

(WATTS) 

22 

some of the tubes occasionally lodge in a 

critical area. Each time a fuse blows, one 

of these pieces is vaporized. 

I fuse the B + with a 0.5 ampere 3AC 

fuse in a well insulated fuse holder con-

nected in the negative side of the supply. 

The screen supply is fused with a 1/4-

ampere 3AG fuse. The control-grid bias sup-

ply uses a current-limited regulator. 

High voltage is brought into the chassis 

with RG-59/U cable and Amphenol M H V 

connectors. M H V connectors are rated to 

5000 volts, and they automatically create 

a ground through the coax shield; RG-59/U 

cable is rated at 2300 volts rms. I strongly 

recommend using these or a similar type of 

high voltage connector for any final because 

groundless connectors represent a danger-

ous hazard if the ground system is dis-

connected. 

neutralization 
The two-meter neutralizing circuit con-

sists of a 3/4-inch diameter brass plate held 

1/2-inch below L2 in the vicinity of C2 

by a stiff piece of wire soldered to a Teflon 

circuit. This prevents the need for floating 

the grid circuit components, a technique 

which is required with the usual two meter 

neutralizing circuit. It is reassuring to per-

form the neutralizing procedure and ob-

serve the power fed through to the plate 

circuit disappear by approximately 30 dB. 

Rear view of unit shows high-voltage B + MHV con-
nector on lower left. The near cavity with the 
4CX250B is tuned to 432 MHz; far cavity Is tuned to 
144 MHz. 
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Neutralization is carried out wilh fila-
ment and grid-bias voltage turned on and an 
appropriate amount of two-meter grid drive 
applied through an swr meter to J1. As you 
adjust C5 and C6 to 1:1 svvr you will note 
a peak in grid current if your driver has a 
50-ohm source impedance. If no swr meter 
is available merely adjust C5 and C6 for 

tune up 
The two-meter output circuit is adjusted 

with S1 and S2 in the 144 position and 
adjusting C2 and C4 for maximum indica-
tion on the output meter. L4 is adjusted for 
proper loading by bending it away from or 
nearer L2. When proper loading is obtained, 
C4 will be near its mid position, and 

fig. 10. Test setup for the 
spectrum display of the 
144-MHz ouput. Spec-
trum display is shown to 
tho left. Center of dis-
play is 500 MHz, hori-
zontal scale is 100 MHz/ 
cm and vertical scale is 
10 dB/cm. 

M4JMHX OmvFfl 
5 W OUTPUT 

H-P 855/ 
SPECTRUM 
ANALYZER 

144 8-132 
AMPLIFIER/ 

TRIPLER 

265 W4TO 

*»' RG-S8/U 
PAD 

-20DB 
PORT H-P 76ID 

ONEMONAL 
COUPLER 

SO OHM 
LOAD 

BIRD 
TERMOUNE 
MODEL eeoi 
500 WATT 

maximum final grid current. 
Next, minimize C1. A grid-dip meter in 

the diode position and tuned to 144 MHz 
is held near the bend in the two-meter line, 
and C2 is adjusted for maximum indication. 
An insulated tuning tool is used to adjust 
C8 for minimum indication on the grid-
dip meter. The amplifier is now neutralized. 
Slightly more accurate neutralization is ob-
tained if the top cover is screwed dowi 
and the grid meter is coupled to a two 
turn link at J3. Very stable two-meter oper-
ation occurs with either neutralizing scheme. 

screen current will be approximately 15 mA. 
Screen current should be monitored closely 
during tuneup since it's the best indication 
of tube loading: increasing screen current 
indicates decreased plate loading. 

Screen current in excess of 40 mA for 
any appreciable time may destroy the screen 
grid. The plate, by comparison, is quite 
rugged when air is forced through it at 
greater than 10 cubic feet per minute. Air 
pressure at 0.5 inch of water is required to do 
this. A 4-inch squirrel-cage blower should 
be used. 

Resonant components are held in place with six screws. Stripline is to the right and fixed portion of C2 
is on lower left; 4CX250B and air chimney are in upper left. 
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During 432-MHz tuneup 144-MHz grid 
drive is increased to 20 watts—if you have 
that much—switches SI and 52 are set in 
the 432 position, C2 is minimized and a 
suitable load is connected to J2. When 
maximizing 432 output there is usually no 
clearly defined plate current clip; this is a 
normal characteristic of triplers, but the out-

is 285 watts with 9 watts drive and a 1400-
volt plate supply. Efficiency is a respectable 
75 percent. Higher output could be obtained 
with a higher IH supply. As a tripler to 
432 MHz, the unit provides 80 watts output 
with 20 walls of Iwo-meter drive; efficiency 
in this mode is about 25 percent. 

One of the most important characteristics 

IOO' DO-SBU PAD 

fig. 11. Test setup for the spectrum display of the 
unit operating as a tripler from 144 to 432 MHz. Spec-
trum display is to the right. Center of display is 480 
MHz, horizontal scale is 100 MHz/cm and vertical 
scale is 10 dB/cm. 

put metering circuit makes adjustment very 
easy. C1, C3, C5, C6 and R2 are varied while 
observing the output meter. I have found 
that lowering Ihe screen or plate voltage 
is the best way to decrease output on 432. 
Decreasing (he loading merely decreases ihe 
efficiency. 

Schottky-barrier diodes with a recovery 
time of 100 picoseconds make a simple 
432-MHz output metering circuit possible 
without a microammeter. Maximum rf volt-
age output always yields maximum power 
output regardless of the standing wave ratio 
of the antenna or the length of the trans-
mission line (if no changes in the antenna 
or transmission line occur during the tune-
up). The output-meter characteristics are 
shown in fig. 7. 

performance 
Complete performance characteristics of 

the 144/432 MHz amplifier/lripler are shown 
in figs. 8 and 9. On 144 MHz, power output 

Spectrum analyzer display of 144-MHz output. 

Spectrum analyzer display of 432-MHz output. 

of vhf power amplifiers and frequency mul-
tipliers, and one of the least discussed, is 
the level of spurious outputs. Spectrum dis-
plays of this amplifier/tripler's output on 
144 and 432 MHz are shown in figs. 10 and 
11 along with the lest setup used. 

When operaled as a power amplifier on 
144 MHz, 288 MHz output was 41.5 dB 
clown, 432 MHz output was 40.5 dB down 
and 576 MHz oulpul was more lhan 50 
dB down. With 285 watts output on two 
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Closoup shot shows construction of C2. 

meters, this represents 20 mW on 288 MHz, 
25 mW on 432 MHz and less than 3 mW 
on 576 MHz. 

As a tripler from 144 to 432 MHz, 144 
MHz output is 34.0 dB down, 288 MHz 
output is 38.3 dB down, 576 MHz output 
is 50 dB down, 720 MHz output is 65 dB 
down and 864 MHz output is 43 dB down. 
With 70 watts output on 432 MHz, these 
figures correspond to 27.8 mW on 144, 
10.4 mW on 288 MHz, 0.7 mW on 576 
MHz, 0.02 mW on 720 MHz and 3.5 mW on 
864 MHz. These figures have all been cor-
rected for cable loss; in addition, the 144-
MHz amplifier figures include measured di-
rectional coupler losses on each of the 
frequencies of interest. 

summary 
The techniques used in this dual-band 

final have other applications. With modifi-
cations of the grid and plate circuits, multi-
band operation on 144, 220 and 432 MHz 
should be possible. If a dual-band grid cir-
cuit similar to the present plate circuit is 
constructed, then this final will also have 
the option of operating straight through as 
an amplifier of 432 MHz. A multiband grid 
circuit doesn't need to be nearly as large 
as the plate circuit since much smaller pow-
er handling is required. The flapper capaci-
tors could be replaced with commercial 
variable capacitors. 

Most of the modern rf developments seem 
to be occurring in the solid-state field, but 
a person familiar with both vacuum tubes 
and transistors can select the best tech-

niques of each discipline. Although strip-
line was primarily a transistor-oriented de-
velopment its advantages should give it con-
siderable application with vacuum tubes. 
Stripline design graphs are available in "Ref-
erence Data for Radio Engineers."0 

This amplifier/tripler would not have been 
possible without consultations with stripline 
authority Henry Keen, W2CTKJ Thanks also 
go to James Buscemi, K20VS, Edward Mentz, 
K2LCK, Rchard Winderman, WA20BG, Fred 
Telewski, WA2FSQ and Douglas McGarrett, 
WA2SAY for their valuable assistance. 

Rear view of the complete amplifier/ 
tripler unit for 144 and 432 MHz. 
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phase-modulated 
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featuring solid-state 

devices, 
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and low power 
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The transmitter shown here can be operated 
as a complete low-power vhf unit, or it can 
be used to drive a larger amplifier. The 
output at 144 MHz is between one-half and 
one watt when used with a 12-volt battery. 
As much as two watts can be obtained by 
running the buffer and final amplifier from 
a 26-volt supply, but this is getting toward 
the upper limit of the type 40280 transistor. 
The 40280 has a maximum rating of 7 watts 
input at 25°C, so under normal conditions, 
even with a good heat sink, about 4 watts 
input or less would be a safe limit. 

transistor ratings 
The buffer and last two doubler stages 

use a new, low-priced (55 cents) RCA type 
2N5188 transistor rated at 4 watts maximum 
at 25°C. Probably two watts input would be 
a safe rating with a moderately good heat 
sink, and one watt input with only a clip-on 
collector and case cooler or radiator. Two 
different types of heat sink are used, as 
shown in the top chassis view. The black 
large-firmed type is a little better for cool-
ing than the small-ribbed aluminum coolers. 
The RCA 40280 output amplifier was slipped 
into a stud-mounting casing and the casing 
was mounted in a large-finned heat sink 
with mica washers for insulators. This per-
mits operation at higher voltage and current, 
but it is not essential, as a 12-volt supply is 
used for all stages. A fairly good-sized finned 
cooler would be sufficient in this case if the 
input to the amplifier is kept to IV2 watts. 

The 40280 transistor costs nearly five dol-
lars as compared to fifty-five cents for the 
2N5188, but is about 20 to 25 percent 
more efficient at 144 MHz and has a greater 
input power rating. If a half-watt output is 
sufficient, a 2N5188 can be used in the out-
put stage at considerable savings in cost. 

Some 2N5188 transistors are apparently 
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nearly as good as the 40280. Probably their 
fx is higher than average and approaches 
that of the 40280. In trying out a dozen 
2N5288's, two were found that worked ex-
tremely well at 144 MHz, and three others 
were well above average in output. All 
functioned very well up to 72 MHz and not 
too badly at 144 MHz with a 12-volt supply. 
They have a maximum collector-to-emitter 
rating of 25 volts and a base-to-emitter rat-
ing of 5 volts. These values should never 
be exceeded, and a safe figure of V2 of 
these values is advisable for dc ratings. 

The 40280 has similar maximum ratings 
of 36 and 4 volts, so both types should oper-
ate from a 12- or 13-voJt battery with Jong 
life expectancy. The 40280 has an fr of 550 
MHz vs 325 MHz for the 2N5188, which 
means less efficiency at vhf for the lower-
priced transistor. Both are double diffused, 
epitaxial planer silicon transistors, with the 
same case and lead arrangements. The input 
and output capacitances are a little dif-
ferent, which means retuning circuits when 
interchanging these two types. 

The 2N3553 is similar to the 40280 in 
cost and performance, but can be used at 
higher supply voltages, since its maximum 
rating is 65 volts. At 12 volts the results 
were about equal to the best 2N5188's. 

amplifier stability 
The amplifier circuit used with the 40280 

was regenerative, so that care had to be 
taken to tune the input and output circuits 
correctly for maximum output at only the 
desired frequency. Using a dummy antenna, 
the rf output would sometimes double with 
the same rf drive, but with more than double 
the collector current. Monitoring the output 
with a receiver indicated faulty operation 
with lots of "hash" noise and less-than-
normal carrier output at the desired fre-
quency. This condition seemed to take place 
when the series output tuning capacitor was 
set at high values of capacitance. When kept 
below 15 pF, normal operation occurred 
with 100 to 150 mA at 12 volts. 

the importance of high Q 
Unless extremely high-Q tuned circuits 

are used, a single interstage circuit will 

have more loss and less harmonic suppres-
sion than two circuits of moderate unloaded 
Q. These stages can then be loaded down 
to an operating Q of 10 or so, with good 
efficiency and good harmonic suppression. 
This approach was used in the transmitter 
illustrated here. Double-tuned circuits were 
used in all doubler and vhf stages. 

frequency multiplier efficiency 
Two types of frequency doublets were 

used, both having a low base-to-emitter im-
pedance path for the doubler output fre-
quency. Transistor doublers have consider-
able output-to-input feedback through the 
base-to-collector capacitance. This required 
a low impedance path from base to emitter 
to get much efficiency in the frequency mul-
tiplier. 

The methods used here consisted of a 
low C-to-L ratio, series-tuned circuits from 
base to ground or emitter for the vhf range. 
A capacitance divider for matching the low 
base-input impedance to a higher LC im-
pedance also provides a fairly low base-to-
emitter impedance at the harmonic fre-
quency as compared to the capacitance 
divider circuit. 

Measurements indicated about twice as 
much output power available for the same rf 
drive when the base-to-emitter impedance is 
very low at the output harmonic frequency. 
No tests were made here in that regard for 
straight-through rf amplifiers. The capaci-
tance divider coupling circuits for base in-
put were used in the lower rf ranges. 

Low-priced 2N2711 or 2N5182 bipolar 
transistors were used in the first three doub-
ler stages. These have different pin connec-
tions, but are not too unalike for doubler 
service in this transmitter. Older 
type 2N706's can also be used, but these 
have a lower beta and are not quite as ef-
ficient as the newer types. In general, the 
higher-numbered transistors are more ef-
ficient and cost less (2N5182 is 40 cents 
new). 

The circuit diagram (fig. 1) and photo-
graph show plastic 2N2711's, since these 
were available from another project of a 
few years ago. The 2N706's were also tried 
in the last doubler and in the 144-MHz buf-

february 1970 g j 19 



2NA302/ 
2S4302/ MPFI03 

2N271I 2N271I IN27II 4.7)>F 

20 [ g february 1970 



fig. 1. Schematic of the 144-MHz solid-state phase-
modulated transmitter is shown to the left. Low-cost 
transistors and high-Q circuits are featured. 

L1 Broadcast band loopstick, 100 to 250 p.H. 

L2 40 turns no. 30E, '/; inch long x V» inch diam-
eter. F slug. 

r 
L3, L4 22 turns no. 28E, 5/16 inch long x Vi inch 

diameter. F slug. 3Vi turn links. 
L5 17 turns no. 26E, 5/16 inch long x '/« inch 

diameter. Tap 10 turns up. 2Vi-tum link. 

L6 Same as L5, except no tap. 2</i-turn link. 

L7 12 turns no. 26E, '/< inch long x V< inch diam-
eter. Brass slug. 6-turn tap. 

L8 Same as L7, except no tap. 

L9 21 turns no. 24C, Vi inch long x '/< inch diam-
eter. No slug. 

L10 9 turns no. 22E, 1/< inch long x '/« inch diam-
eter. Brass slug. Tap 3 turns up. 

L11 Same as L10, except no tap. 

L12 10 turns no. 24C, V< inch long x 1/< inch diam-
eter. No slug. 

L13 5 turns no. 18E, VJ inch long x 5/16 inch diam-
eter. Tap 2 turns up. 

LI 4 8 turns no. 18E, 3/8 inch long x V< inch diam-
eter. 

L15 5 turns no. 18E, '/a inch long x 5/16 inch di-
ameter. Tap 1Vi turns up. 

L16 5 turns no. 18E, Vi inch long x "/» inch diam-
eter. 

L17 3 turns no. 18E, 3/16 inch long x 3/16 inch 
diameter. 

L18 6 turns 1/16-inch wide copper strip or no. 
14E, 1 inch long x 5/16 inch diameter. 

L19 Same as L18, except 4 turns. 

fer stages, but they got pretty hot and were 
less efficient than the 2N5188's. These stages 
were biased and driven to about 50 mA of 
collector current with a 12-volt supply. A dc 
voltmeter with an rf choke in one lead 
should be used to check the voltage on the 
doubler stages. The bias resistor in the base 
circuit should be low enough to keep oper-
ation well below the maximum rated base-
to-emitter values listed in the transistor data 
sheets or handbooks. Too low a value will 
reduce rf output. 

phase modulator 
The phase modulator is rather interesting. 

It is a high-Q, very low-C circuit consisting 

of a broadcast band "loopstick" slug-tuned 
coil with an inductance range of about 100 
to 250 MF- It is coupled lightly to the crys-
tal oscillator and to the buffer input through 
1-pF capacitors to keep the circuit at a high 
Q and low C. 

Two small silicon (200 mA, 200 V) type 
1N645 diodes were connected back-to-back, 
with some reverse dc bias, to act as small 
variable capacitors across the loopstick coil. 
The resting dc bias, of some value between 
6 and 12 vofts, sets the initial capacitance 
of these "variable capacitor diodes." The 
voltage from the audio amplifier then varies 
the capacitance and the phase of this cir-
cuit. 

The coil slug is adjusted to bring the cir-
cuit near the crystal frequency, since the 
LC phase changes rapidly and fairly linear-
ly in this region. The variable-capacitor 
diodes, back-biased, have a resistance of 
probably 1000 megohms; thus they have 
practically no effect on the circuit Q. A re-
actance-type transistor would load the cir-
cuit. The diodes are connected back-to-
back to reduce the possibility of the peak 
rf voltage biasing the diodes in the for-
ward direction. 

Very small capacitance coupling to the 
oscillator is needed to keep the rf peak 
voltage to a few volts across this high-Q 
circuit. The higher the Q, the less capa-
citance change needed for a given amount 
of phase modulation. 

modulator diode considerations 
A low-Q circuit in the modulator usually 

requires special varicap diodes, which are 
more costly than small silicon power-recti-
fier diodes. Computer diodes generally have 
too small a capacitance change to work 
well in this circuit. "Top hat" rectifier di-
odes also work, but often have a larger 
shunt capacitance, so the small glass-en-
closed diodes are better. Pick a couple that 
show "infinite" back resistance on an ohm-
meter test, and be certain that the cathodes 
are connected together and to the af and 
plus dc bias circuit. The power rectifier 
diodes have much less capacity change than 
a regular varicap, but work in exactly the 
same manner. 
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The af amplifier uses some surplus fet's 
in a resistance-coupled system. Motorola 
MPFICB's are reasonably priced and may be 
used in place of the 2N4302 transistors 
shown in fig. 1. The socket connections are 
different, however. 

A simple diode speech clipper was used 
to run the phase modulation at a fairly 
high average level. This requires an addi-
tional af stage and gain control to function 
well. 

construction notes 
At this point it should be apparent that 

this article is more concerned with ideas for 
good transistor circuit design than with a 
pure mechanical layout or design that can 
be copied exactly. As the photographs show, 
there are extra holes in the 5x13-inch cop-
per-plated panel that resulted from numer-
ous experiments in the design. This panel, 
copper side down, was mounted in an old 
5x13x3-inch chassis for shielding and pro-
tection of parts. Coil data is given in fig. 1. 

After some difficulties were ironed out 
in the crystal oscillator, this transmitter 
was used to transmit fm signals through a 
MARS repeater station. The main problem 
here was to get onto the exact frequency 
and stay there. One of the npo variable 
ceramic capacitors in the crystal oscillator 
either was not really an npo unit or had a 
faulty bearing. Once the correct values 
were obtained, the ceramic variables were 
replaced with fixed silver mica capacitors 
except for the one across the crystal (this 
was changed to an air-type variable padder 
so the crystal could be set to oscillate 
within a few Hz of the value desired). A 
22 pF capacitor from gate to ground and a 
5 pF or 10 pF from drain to ground were 
suitable values. A 5- to 25-pF variable was 
placed across the crystal. Motorola MPF105 
fet's were used in the crystal oscillator and 
in the buffer stage at 4.6± MHz. 

operation and tuning 
The five doubler stages multiply the crys-

tal frequency 32 times and increase the 
phase modulation. The final result is a 
phase-modulated signal in the two-meter 
band with a bandwidth of 5 kHz or more, 

suitable for voice communication with a 
narrow-band tin receiver. 

The total current drain with a 12-volt 
dry battery, storage battery, or regulated 
power supply is about 1/3 ampere. If the 
current is near 0.5 A, probably a parasitic 
oscillation is present in the 40280 transistor 
stage. 

In tuning up the transmitter, the total 
current drain will be about 10 or 20 mA 
with the crystal out. Each stage, as it is 
tuned to resonance (with the crystal oscil-
lator working), will increase the total dc 
current a few mA until the power transistor 
stages are reached. All these stages, using 
bipolar transistors, run at near-zero current 
until rf drive is applied to each stage. If 
any rf or doubler stages in this system 
draw appreciable current with the crystal 
out, then parasitic oscillation, incorrect wir-
ing, or faulty transistors can be suspected. 

After some rf output is obtained, the 
series-trap circuits at 72 and 144 MHz can 
be peaked for maximum output. Some tuning 
adjustments on these circuits can actually 
reduce the stage output to a very low value. 
The correct adjustment results in maximum 
rf output. 

A radio receiver is used to monitor the 
output on two meters during tuneup. Use 
a 50-ohm, 1-watt dummy antenna and rf 
voltmeter (or a dummy antenna and swr 
meter). Again monitor the output on two 
meters after an antenna is connected, since 
an antenna usually presents a different load 
than a dummy antenna. This may cause the 
output amplifier to self-oscillate until proper 
loading is again set in the output pi coupling 
circuits. Physical layout, ground connections, 
bypass capacitor reactances and rf chokes 
can all cause variations in the operation of 
an unneutralized rf amplifier. 

Phase or frequency modulation permits 
more leeway than if the transmitter were 
amplitude modulated. Personally, it seems 
to me that a transistor linear amplifier would 
be easier to lame than an amplitude-mod-
ulated amplifier. Even in a cw or phase-
modulated transmitter, parasitic or self os-
cillation is definitely not to be permitted 
on the air. 

ham radio 
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The HRfMJlRRLUND Manufacturing Company Incorporated 
2 0 BRIDGE AVE.. RED BANK. N. J. 07701. CABLE: EACORPREDBANK, N J . TEL ?01 8 4 2 - 5 7 0 0 A SUBSIDIARY OF ELECTRONIC ASSISTANCE CORPORATION 

Dear O.M. : 

Every month we put our best foot forward and try our 
darndest to convince you to buy our product. I try to 
make our ads convincing in the hope you will rush to your 
favorite distributor to buy a Hammarlund product. 

You have seen Hammarlund ads these many months. We 
are still building the radios you saw advertised on these 
pages during 1969. I honestly feel if you haven't used a 
Hammarlund receiver or linear in 1969, you owe it to your-
self to try one. I'll bet you know at least one ham buddy 
who has a Hammarlund radio in his shack. And I know he'll 
be proud to show it off! 

Tell you what I'm gonna' do - if you take the time to 
make this "Instant Demo" and you believe as your friend 
and I do - and buy a new Hammarlund radio, I'll send both 
of you a Hammarlund accessory of your choice - speaker, 
clock or crystal calibrator. 

I'll keep this offer alive for February and March to 
give you all a chance to really try it for yourself. 

Drop me a note or stop in to see your distributor for 
more information. A list of Hammarlund distributors is 
available} upon your request, I'll send you the names of 
your local Hammarlund Authorized Distributor. 

1970 

20 Bridge Avenue 
Red Bank, N. J. 07701 
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a survey of 
solid-state 

power supplies 

Regulated power 

is a must 

for today's 

new circuits-

here's a report 
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their applications 
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Since the publication of a previous article 
on power-supply design1, the semiconductor 
industry has introduced devices that have 
made a tremendous impact on the world of 
power supplies. Therefore, a review of pow-
er supply theory, with a transition to these 
new semiconductor devices, is in order. 

basic circuit 
The rectifier-filter section of the power 

suppfy is ordinarily one of the five familiar 
types shown in fig. 1. Of these, 1 don't gen-
erally use any but the full wave, bridge or 
conventional doubler. I favor these because 
they have much better regulation and ripple 
reduction. Ripple reduction is better be-
cause the ripple frequency is twice that of 
the line frequency. Compared to a half-wave 
circuit, the chokes and capacitors in a full-
wave rectifier effectively have twice the in-
ductive reactance and one-half the capaci-
tive reactance respectively. 

Another convincing argument in favor of 
the full-wave and bridge circuits is that either 
choke input or capacitive input may be 
used. Thus, for any given transformer, two 
dc output voltages are available in the bridge 
connection, and two more are available in 
the full-wave circuit. 
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I use the half-wave types (half-wave and 
cascade doubler, fig. 1) only when it's neces-
sary to ground one side of the transformer 
secondary. Such a requirement usually occurs 
when adding on to existing equipment. 

ne-

HALF WAVE 

-0+ FULL WAVE 

O* BRIDGE 

* r 

LkX-
CONVENTIONAL 

DOUBLER 

CASCADE 
DOUBLER 

fig. 1. Commonly used rectifier circuits. 
Full-wave versions provide best regula-
tion and ripple attenuation. 

the output is as well filtered as the base. 
Where did the ripple go? It's soaked up 

by the collector-to-base potential, which 
varies at the ripple-frequency rate. Note that 
enough voltage must be across the collector-
base junction so that negative swings of the 
ripple voltage don't go below the zener-reg-
ulated base voltage. 

transistor current gain 
The transistor current gain is important in 

this type of regulator as well as in the others 
to be discussed. The higher the current gain, 
the less bas<2 current necessary for any given 
regulated output current. The higher h f e is, 
the larger R1 can be. This results in better 
RC filtering (by capacitance multiplication). 
Fig. 3 illustrates this with three similar emit-
ter-follower regulators, their respective peak-
to-peak ripple output, and output voltage as 
a function of current. All have the same rec-
tifier-filter sections and load resistances. 

the darlington pair 
Fig. 3C uses a trick called the Darlington 

pair: two transistors are connected as one 
to obtain the product of their current gains 
as the combined h fe. This may seem unfair 
while we're making comparisons, but this 
Darlington pair is in one package and is used 
just like any other transistor. Of course, sep-
arate transistors can also be used similarly 
but the common-chip types have a thermal-
tracking advantage. Note that there are two 
emitter-base diode voltage drops between 
the zener and the output, so a higher-voltage 
zener must be used. 

series voltage regulators 
The simplest voltage regulator that uses 

gain is the emitter-follower type, fig. 2. The 
transistor current gain, h fe, allows this series 
regulator to regulate much more current 
than the zener by itself. Another important 
advantage is that the circuit also functions as 
a capacitance multiplier. The base voltage is 
filtered by R1-C1 in addition to any filtering 
ahead of the regulator. Since it is an emitter-
follower, the emitter "follows" the base, so 

fig. 2. Emitter-follower series regulator. Transistor 
current gain gives more current regulation than the 
zener alone. 
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TRIAO F40X 
RIPPLE, AT 200mA 
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rh 
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\(»mAfjl ^ 

HEPKX 
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It's also possible to use another form of 

two-transistor combination in the emitter-

follower regulator. Fig. 5 shows such an ar-

rangement; note that complementary tran-

sistors are used. Unfortunately, no single-

package npn-pnp transistor is yet available 

for this circuit, so separate transistors were 

used. The advantage of this "compound 

emitter follower" over the Darlington Pair is 

that it has only one base-emitter diode volt-

age drop between control base and output. 

TRIAD F40X 

E D -
3 AS 

I AMP 

HEPISS 

HEPISS 

' WITH HEAT SINK 

RIPPLE AT 200mA 
LOAD IS 0 01V P-P 

G.E 
02805" 

. SOOflF 
SOV , 

m 

Rl 
7.5t 

(MlLAR) 

isS 
HEPKX 

. LOAD 

•O* OUT 

COMMON O <3 COMMON 

fig. 4. Reference amplifier regulator, allowing ad-
justable output voltage. R1 is collector load resis-
tance for Q2, a dc amplifier. 

WIAO F40X 
RIPPLE AT 200mA 
UXD IS 0.01V P-P 

< LOAD 

dcxmmoN 

• I . ; 

too 200 300 400 mA 
fig. 3. Series regulators with "capacitance multipli-
cation." The Darlington Pair is shown in C; higher 
zener impedance causes ripple voltage to be the 
same as in B. 

adjustable output voltage 
The emitter-follower regulator, with its 

simplicity, is a useful regulating circuit, but 

it has a troublesome characteristic. The out-

put voltage is fixed at Ez — Ebe (the zener 

breakdown voltage less the transistor base-

to-emitter diode forward voltage drop. 

By making the circuit a bit more complex, 

output voltage can be made adjustable. Fig. 4 
shows the more sophisticated circuit. Now, 

R becomes a collector load resistance for Q 2 , 

a dc amplifier. Q 2 amplifies the difference 

between Ez, the zener voltage and Eg, a fixed 

fraction of the regulated output voltage (er-

ror voltage). This form of voltage regulator 

is widely used because it is simple and adjust-

able. Because of this wide use, several com-

panies have offered integrated packages con-

taining Q 2 and D 1 2 S . A n actual circuit is 

shown in fig. 6A for a "handle on reality." 

Note that in such circuits C I is not made 

large for capacitance multiplication, but the 

added gain of the circuit is relied upon for 

ripple attenuation. 
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fig. 8. Practical circuits using reference amplifier principle. The new G.E. "programable zener," a small-scale 

the programable zener regulator 
Art interesting new device from General 

Electric is a monolithically constructed regu-
lator called a "programable zener." It doesn't 
have a number assigned as yet, but if it's like 
other members of G.E.'s small-scale integrat-
ed circuit line, it'll probably have a D13XX 
number with a price tag of about a dollar. 
A circuit using it, fig. 6B, is similar to that of 
fig. 6A. Note its new circuit symbol. (I assume 
that the zener in this IC is an emitter-base 
breakdown diode.) The circuit using the pro-
gramable zener regulator shows good regula-
tion to well over one-half ampere of load 
current. 

differential dc amplifier regulator 
By adding one or more transistors to our 

regulator, even better regulation can be ob-
tained. Fig. 7 shows how a differential dc 
amplifier allows the zener reference to run at 
a constant low current, improving reference 
stability. 

The improvement offered by this differen-
tial amplifier is especially noticeable if its 
main function is to compensate for variations 
in the input voltage. A typical case would be 
where the input is from a 12-volt line in an 
auto electrical system. Fig. 8 shows a practical 

regulated supply using the differential ampli-
fier. The differential amplifier IC is one of the 
most practical monolithic circuits. 

fet regulator 
Still another interesting development on 

the power supply scene is the use of power 

TRIAD F40X 

HPPLE AT 200mA 
LOW IS 0003V P-P 

(HRUVr/ _ . 
HEP** 

H7„F | 
1 o 

IOV 

9 

8 
7 

800 700 mA 

fig. S. The "compound emitter-follower" regulator. 
Compared to the Darlington Pair, it has only one 
base-emitter voltage diode drop between base and 
output. 
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1C, is shown in B. 

fet's as series regulators.4 This has only re-
cently become economically feasible, be-
cause several semiconductor manufacturers 
are now making power fet's, and the prices 
are beginning to come down. 

There are several advantages to using a fet 
as a series regulator. The first is that the regu-
lator has inherent current limiting, since the 
fet current is limited to Id88. The second ad-
vantage is that "thermal runaway," as experi-
enced with bipolar transistors, is not possi-
ble. The third reason is that because of the 
high impedance of the gate, essentially no 
gate current is required to control the fet 
current. This makes the fet gate even easier 

for the dc amplifier to control, and higher 
dc gain may be used. 

The circuit shown in fig. 9 uses a series 
power fet, a bipolar dc amplifier, and a sec-
ond fet as a constant-current source. The 
constant-current source replaces the usual 
resistor load of the dc amplifier. By using 
the constant-current source as a load resis-
tor, higher voltage gain can be obtained in 
the dc amplifier. The 5k adjustable source re-
sistor allows the constant-current flow to be 
set to the value giving best temperature sta-
bility. This is usually around 0.33 mA. Be-
cause rather low current is used in the dc 
amplifier, a bipolar transistor displaying 

fig. 7. Differential dc am-
plifier regulator. Zener ref-
erence runs at constant 
low current, improving ref-
erence stability. 

PREREGULA TOR 
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fig. 8. Practical application of the dc differential amplifier. 

600 m* 

good hfe at low current (the Fairchild 
2N3565) was used. Also, the zener was cho-
sen to have a low impedance at 0,33 mA, 

Since the supply of fig. 9 uses choke input, 

a minimum load is required, which is sup-
plied by the number 327 pilot lamp. 

There are a couple of disadvantages to 
using an fet series regulator, but these are 

m v -
is ' 
(4 -

is -
m. is SO 75 tOO mA 

fig. 9. Series-regulated supply using power fat's. The sacond fat replaces the usual rasistor load as a con-
stant-current source allowing higher voltage gain. 
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not intrinsic faults. The obvious problem is 
cost; the less obvious one is loose specifica-
tion of ldgg, The Siliconix U221 and U222 
have ldgg specifications of about 2 to 1, 
which are considerably tighter than those of 
the competition power fet's. As power fet 
technology advances, we can certainly ex-

ing semiconductors; zeners replace VR tubes, 
and an enhancement-mode fet replaces the 
zero-bias triode. Such a direct equivalent cir-
cuit is shown in fig. 11. It would probably 
not be built today, because n-channel en-
hancement-mode fet's are not yet common-
ly available. 

•/500V' 

fig. 10. Typical tuba-type 
regulator. The 811A bias, 
controlled by the VR 
tubes, changes the volt-
age across R1 thus regu-
lating the output voltage. COMMON O-

0+750 V 
REGULATED OUTPUT 

!OOk 

not 
iW 

not 
2W 

pect to see prices drop and perhaps more 
predictable ldgfJ from any given off-shelf de-
vice. 

the shunt regulator 
Before discussing the replacement of the 

discrete differential amplifier with an IC, 
there's one more circuit we should look at: 
the shunt regulator. The vacuum-tube shunt 
regulator has been in use by hams for many 
years. Fig. 10 shows a typical HV type.5 The 
operation is as follows: 

If the +750 V output drops, the drop is 
directly coupled to the grid of the 811A by 
the VR tubes, dropping the bias. This causes 
the 811A to draw less current, thereby de-
creasing the voltage drop across R1, and 
raising the +750 V output. 

A similar shunt regulator can be made us-

A more conventional approach to the 
shunt regulator is that of fig. 12, using a bi-
polar transistor. An actual circuit is shown in 
fig. 13. Another more complex shunt regula-
tor is shown in fig. 14, using a differential 
amplifier. Note that both of these circuits 

m 
+ O W r 

® 
COMMON O-

ENHANC£MiHT-MOOe 
MOSFET 

—O COMMON 

fig. 11. Semiconductor equivalent of the vacuum-
tube regulator. (N-channel enhancement-mode fet's 
are not yet commonly available.) 
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fig. 12. Shunt regulator using bipolar transistor. 

(figs. 13 arid 14) have a convenient feature: 

the collector (case on most power transis-

tors) is grounded. 

The shunt regulator is often overlooked 

because of its inefficiency when unloaded. 

However, in many systems the load is nearly 

constant, and the shunt regulator is used 

mainfy to provide a low power supply source 
impedance. The regulator in fig. 14 was de-

signed to power a system consisting of about 

a dozen DTL integrated circuits, which had a 

nearly constant drain. Note also that the 

shunt regulator is ideal for the choke-input 

rectifier filter, because it provides a constant 

load. 

ic's as voltage regulators 
We have seen two beginning steps toward 

integration of circuits. These are the "ref 
amp" and the "Darl ington pair" as repre-
sented by General Electric's RA1 and D28C5. 
Each of these units contains two semicon-
ductor devices. Modern IC technology has 

expanded greatly on the number of devices 

per package. It's now usual for IC's to have 

dozens, or even hundreds, of devices on one 

chip. 

Among these complex IC's are a few de-

signed specifically for voltage regulators. Na-

tional Semiconductor makes the LM300, 

LM304 and LM305 voltage regulators; Fair-

child makes the /J.A723 regulator; Motorola 

makes (he MC1460C and MC1460R; and the 

Continental Devices Corporation makes the 

CMC513-4. Other companies6-7 produce IC 

voltage regulators, but their prices are more 

than $10.00 and therefore aren't within the 

amateur price bracket in my opinion. 

The LM300 was perhaps the first to hit the 

market and has been described in a previous 

article.8 Its use in a + 1 5 V supply is shown 

in fig. 15. 

Since the original LM300 was first mar-

keted, National Semiconductor has added the 

LM304 and the LM305. The LM305 is simply 

an improved LM300 (at a somewhat higher 

price); it can be plugged into the circuit of 

fig. 15 to provide improved regulation. The 

LM304 is a negative voltage regulator; its use 

in a —15 V supply is shown in fig. 16. 

Fairchild has entered the integrated regu-

lator field with the M 7 2 3 . The fiA723 may be 

used either as a positive or negative regula-

tor as shown in figs. 17 and 18. The many 

uses of the M 7 2 3 are covered in detail in 

reference 9. 

The least expensive IC regulator covered 

fig. 13. Practical shunt 
regulator supply using the 
bipolar transistor. 
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fig. 14. Shun! regulator using a differential amplifier circuit. This was used to power a dozen )C's, 

here is a member of a family of five 15 volt 
regulators, each with the prefix CMC514. The 
CMC514-4 is the least sophisticated; it is also 
the only one in the ceramic-epoxy T05 
package (and therefore the least expensivei. 
The CMC514-4 has only three leads, so it 
looks for all the world like a 2N3638—it isn't! 
Fig. 19 shows it in a simple regulated sup-

ply; note that it has only an input, an out-
put, and a ground lead. The CMC514-4 has a 
built-in thermistor, fig. 20. If too much cur-
rent is drawn, the chip overheats and the 
termistor turns the regulator off! When chip 
temperature drops, the regulator begins reg-
ulating again. 

A late entry into the regulator IC field is 

fig. IS. A regulated +15 V supply using an LM300 IC. 
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fig. 16. A —15 V supply. This IC is • negative voltage regulator. 

the Motorola MC1460. It comes in a ten-lead at $6.75. The R model wil l, of course, handle 
TO-5 package (the MC 1460C) at $5.25 and more current, because it's easier to heat sink, 
in a small-diamond package (the MC1460R) In fig. 21, an MC1460G is used in a + 1 5 V 
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fig. 17, Another application of an IC in a regulated supply. Note that no external xener is needed in B. 

34 [Jfl february 1970 



fig. 18. This IC may be used either as a positive or negative voltage regulator; here it's shown in a +15 V 
regulated power supply. R1 determines current limiting. The value shown in for 200 mA. 

regulated supply. Details on how to use this 
IC are given in reference 10. 

The MC1460 has a shut-down port (pin 2/. 
In fig. 21, pin 2 is grounded, and so does 
nothing, but it can be used to turn off the 

This opens a myriad of possibilities: squelch 
control of the regulator to conserve power 
in the output stages of a receiver, shut-down 
upon demand by a temperature sensor, and 
so on. 

fig. 1B. A +1S V regulated 
supply using the least-
expensive IC. It conies in 
a ceramic-epoxy T05 pack-
age. 

TRIAD F40X 
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regulator. If pin 2 is made high by a few 
volts, the regulator shuts down. This high 
state is low enough so that RTL, DTL or TTL 
logic (evels can be easily used for control. 

fig. 20. Internal circuit of the pin i o •• 
CMC 514-4 showing internal 
thermistor. 

The MC1460 also has a built-in provision 
for current l imiting. The 2.7-ohm resistor in 
fig. 21 determines at what current the sup-
ply wi l l l imit. By making this resistor smaller, 

9 OHUS PIN 3 

a» • 
<IM <3k 

© ^ 

PIN 2 
O— 
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the regulator will limit at a larger current. A 
smaller resistor would probably not be used 
with the MC1406G, but could be used with 
the MC1460R. 

other ic's as regulators 
We've seen how a number of special IC's 

can be used (for their intended purpose) as 
regulators. It's also possible to use others, 
not sold as regulators, for similar applica-
tions. Of course, nearly any operational am-

plifier can be used as the differential com-
parator in a regulator, providing that a ref-
erence, a series-pass transistor, and a fair 
number of other external parts are used. This 
makes a good regulator, but the complexity 
defeats one of the main reasons for using an 
IC—simplicity. Reference 11 shows how this 
is implemented using a juA709. 

Two inexpensive audio amplifiers can be 
used as regulators. The General Electric 
PA234 and PA237 are 1- and 2-watt af output 

II v • 

10 — 

9 • 

€ -

zoo 400 

fig, 22. Anothar inexpensive IC in a voltage regulator circuit. An emitter-base diode in reverse breakdown pro-
vides the reference; an external series pass transistor must be added. 
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fig. 23. Two inexpensive af amplifier IC 's used as regulators in a +15 V supply. Currant limitation is deter-
mined by package dissipation (0.B W at 25° C ) . 

amplifiers costing $1.35 and $3.98 respec 
lively. Their use in regulated supplies is 
shown in fig. 23. Their current limitation is 
set by the package dissipation: 0.8 watt at 
25° C. This situation may improve with the 
introduction by G.E. of the new PA246, a 
five-watt audio amplifier. 

The RCA CA3018 is another inexpensive 
IC that can be used as a regulator.12 In this 

case, an internal reference is provided (by an 
emitter-base diode in reverse breakdown), 
but an external series pass transistor must be 
provided. This is shown in fig. 22. 

As a final note to the use of IC's as regula-
tors, it is strongly advised that care be used 
in layout. Since monolithic integrated circuit 
technology is based on the silicon epitaxial 
process, IC's almost always have active de-
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vices capable of oscillation above 100 MHz. 

Indiscriminate use of long wire leads, ca-

pacitor bypassing, and similar practices will 

usually make a power supply that can be 

of the board. If you have a yen for photog-

raphy, you can make a negative from which 

the board can be made. Another method is 

to trace the positive, turn the tracing paper 

over, and there's the mirror image. This is 

the actual diagram of the copper side of the 

printed board. Lay it out with Brady tape or 

acid resist, then etch away. 

For smaller load currents, a smaller trans-

former can be substituted. Be sure the trans-

former output voltage is close lo 12 volts, be-

cause any difference between transformer 

output voltage and 12 volts will be dissipated 

across the transistor. 

Simple emitter-follower regulated 12 V 
supply for transistor circuits. 

heard on the local fm set—if the parasitic 

doesn't eat up the IC first. 

week end project 
Most transistor circuits use 12 volts as their 

power source, and if you like to experiment 

with these devices (who doesn't these days?), 

here's a simple supply based on the emit-

ter-follower principle.* It will deliver 12 volts 

at either positive or negative polarity, at a 

load current of 0.5 ampere. Regulation and 

ripple attenuation will satisfy most require-

ments. Its schematic is shown in fig. 24. It 

has ten components, which works out to 

about a dollar per component, and you can 

make the printed circuit board yourself. 

The photo of the PC board is the positive 

Printed-eircuit board (or the 12 V regulated power 
supply shown in fig. 24. A full-size template is avail-
able from ham radio magazine for 25c. 

* The circuit of fig. 24 and the photographs were sub-
mitted by M. J. Goldstein, VE3CFN. 

mooes 33 PIV.075A 

fig. 24. A +12 V regulated power supply using a 
bridge rectifier and emitter-follower regulator. 
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increasing 
the reliability 
of 

warning lights 
Equipment 

warning lights 

must be reliable— 

here's how 

to increase their life 

When an indicator lamp tells you something, 
it's important that the lamp be dependable. 
For example, if a dangerous situation is indi-
cated by a red light, and a safe condition 
is indicated by that same light not being 
lit, you can imagine the problems that could 
arise if the indicator lamp bulb failed. 

One of the criticisms of modern cars is 
the use of "idiot lights" to indicate critical 
items such as OVERHEAT, NO OIL PRES-
SURE, DOORS NOT CLOSED, and BATTERY 
NOT CHARGING. The logic is negative and 
not to be trusted. This accounts for the big 
sales of kits that return the car to the good 
old days of seeing what goes on by means of 
a direct readout instrument. 

Let's extend this reasoning to indicator 
lamps used in electronic equipment. Most 
indicators are the ON-OFF type. This again 
points up possible dangers of depending on 
lamps to indicate a safe (OFF) condition. 
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When I leave my station, I take a fast look 
around to make sure that no indicator lamps 
or dial (amps are lit. I don't trust the lamps; 
yet I must depend on them, but only after 
doing something to increase their reli-
ability. 

Incandescent-lamp life can be extended 
considerably by simply lowering the lamp 
terminal voltage. This will, of course, reduce 
the light output. However, for simple ON/ 
OFF indications, you can spare a lot of light 
and still get a satisfactory indication. 

Lamp life extension can be dramatic. For 
example, if you reduce the rated voltage 
to one-half, the lamp life will be extended 
to nearly 4100 times longer than if you 
applied the full rated voltage. Typically, a 
lamp with a guaranteed life of 1000 hours 
will operate for 4,096,000 hours when oper-
ated at half its rated voltage. 

Where does this magic number 4096 come 
from? It's based on the relationship of the 
ratio of the rated voltage to the derated 
voltage raised to the twelfth power, or: 

Life factor = I -
Rated Voltage V 2 

\ Derated Voltage/ 

graphical solution 
You can do the arithmetic the hard way 

and multiply the ratio by itself 12 times, or 
you can solve the problem with logarithms. 
Another way is to cut out fig. 1 or (prefer-
ably) make a Xerox copy. O r you can make 
your own graph on a piece of five-cycle 
semi-log paper. 

40 j j g february 1970 



Fig. 1 shows that lamps can be as bright 
as you wish; lamp light will depend on the 
derating voltage ratio. 

— -— -
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fig. 1. Effect on pilot-tap life whan a derating volt-
age ratio is applied. A small sacrifice in brilliance 
means a drastic increase in reliability. 

an example 
About five years ago, I got disgusted re 

placing Christmas-tree lamps and decided 

to do something about it. I connected a 25 
V, 2A filament transformer in series bucking 
to provide 90 volts, which was applied to the 
lamps. The voltage drop made a barely per-
ceptible difference in brightness, but I 
haven't had to buy a bulb in five years. 

Let's see what the 90 volts did for me. 
The rated voltage (for the series string) is 
115 volts. I applied 90 volts. The ratio is 
115/90, or 1.277. By the formula above, the 
life factor will be 1.27712 or 19. So, whatever 
the rated life of these cheapies, they will 
last 19 times longer than when operated 
at 115 volts. 

indicator lamp circuits 
I modified the indicator lamp circuits in 

my ham equipment by adding series re-
sistors. For type 328 lamps, I added a 22 
ohm, 1/2 W resistor, which reduced the volt-
age from 6.3 to 3.15 V. Brightness is more 
than adequate; in fact, I'm tempted to re-
duce the voltage even further. The ratio 
6.3/3.15 equals 2. When raised to the 12th 
power, this gives a life factor of 4096, or 
more than 4 million hours. This works out 
to about 467 years, so I think I'll let well 
enough alone. 

For the type 47 lamps, a 15 ohm, 1 W 
resistor results in a terminal voltage of 4 V. 
The ratio is 6.3/4, which is a life factor of 
233—still pretty good. 

As mentioned earlier, the light intensity 
is reduced, but the life factor goes up much 
more rapidly than the intensity goes down. 

The type 328 lamp gave more than ade-
quate light at half voltage. The type 47 
lamp, on the other hand, needed 4 volts to 
provide a comparable brightness. So do a 
little experimenting. Get the brightness you 
need, then do a little arithmetic or use fig. 1 
to project the lamp life. Remember too, 
that overvoltage will shorten the life of your 
lamps just as dramatically. 

In addition to peace of mind, look at all 
the money you'll save. In 100 years it will 
be enough to get that new rig. 

bibliography 
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build your own 
tilt-over 

antenna mast 

Here's the answer 

to a structurally sound, 

low-cost mast 

using ordinary hand tools 

and readily available 

hardware 
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This tilt-over antenna mast fulfills the 
need for a lightweight, low-cost amateur 
rotary beam support that can be raised 
or lowered in a few minutes by one man 
without assistance. As shown in the ac-
companying sketches and photographs, 
the design requires materials and tools 
commonly available to most amateurs, 
takes up only modest backyard space, and 
unlike lattice-type metal or wood tow-
ers, is quite unobtrusive, especially when 
painted to blend with the background. 

The project originated when I was pon-
dering ways and means for supporting a 
lightweight Mosley TA33 Jr. three-element 
beam. The obvious solution to the prob-
lem would be to purchase and erect one 
of a large number of available steel tow-
ers, but this was ruled out for esthetic and 
financial reasons. Using the rooftop or 
chimney was likewise unacceptable. One 
alternative remained; a new design had 
to be conceived that was structurally 
sound, low in cost, and easy to build and 
manipulate. 

Over the weeks many ideas were tried 
and rejected, and during the construction 
period many revisions were made. The 
tilt-over mast and antenna have been in 
operation for several months, during 
which they've been lowered and raised 
many times without incident. I've in-
cluded a detailed stress analysis, com-
plete with quantitative data in this arti-
cle (see Appendix). The analysis considers 
loads encountered in raising and lower-
ing the structure, as well as those result-
ing from wind velocities up to 80 miles 
per hour. 

42 Q2B February 1970 



fig. 1. Complete tilt-over mast structure showing 
mast-hinge assembly. 

Four novel features are included in the 
design and construction of the mast: 

A boat winch mounted on a short, fixed 
support pipe for raising and lowering 
the mast. 

A rigid hinge or pivot assembly at the 
base, which prevents lateral deflection 
of the mast and antenna assembly 
during erection. 

Two sets of symmetrically placed guy-
ing cables to maintain the mast in the 
vertical position without buckling. 

Auger or screw anchors in the soil as 
high-strength fastenings for the guying 
cables and winch pipe support. 

In all cases, safety factors of at least 
2 to 1 were used to compensate for any 
small design approximations and to in-
sure adequate resistance to high winds. 

construction 
The first step in the project is to ac-

cumulate the parts listed in table 1. The only 
precaution here is to be sure to purchase 1/8-
inch diameter, 1800-pound-breaking-strength 
stranded-steel aircraft cable and not galva-
nized iron sash cord (which resembles the 
proper material) with a breaking strength of 
only 540 pounds. Stainless steel cable is even 
better, but it's quite expensive. 

The screw anchors may be obtained 
from Spaulding Products, Frankfort, In-
diana. Other materials are obtainable 
from plumbing and hardware supply 
sources. The winch is obtainable from 
Sears-Roebuck at about $6.00 for the 
smallest unit, with a capacity of 1000 
pounds. Good construction practice for 
any device that must withstand weather 
calls for at least two coats of paint. Don't 
overlook this essential item. 

ground work 
Selection of a site comes next. Be sure 

that an unobstructed radius equal to the 
mast, plus antenna and rotor height, is 
available in the vertical plane for raising 
and lowering. In the example shown here, 
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this amounts to a distance of about 35 
feet plus adequate clearance for the an-
tenna boom and elements. 

After you select the location of the mast 

base and lay out the site as shown in 
fig. 1, drive the 2-inch pipe until it pro-
jects about 2 inches above the ground. 
This forms the socket that receives the 
lV2-inch winch pipe. (The location of this 
socket is about 6 inches to the rear of 
the bottom end of the antenna mast.) 
Then insert the 1 Winch winch pipe into 
(he 2-inch pipe until the winch pipe bot-
toms. Fasten the assembly together with a' 
3/8-inch steel bolt, lock washer and nut. 
(See fig. 2.) 

Next, drive the three screw anchors into 
the ground 120 degrees apart at a radius 
of 6 feet from the bottom end of the an-
tenna mast as a center (see fig. 1). The 
technique for installing these anchors is 
as follows: After the location is spotted, 
make a shallow depression 6 inches in 
diameter by 6 inches deep. Then using a 
length of 3/4-inch pipe as a handle 
through the eye of the screw anchor, twist 
the auger end of the anchor into the 
ground, using downward pressure while 

table 1. Parts list for the tilt-over 

part 

galvanized iron pipe 

galvanized iron pipe 

galvanized iron pipe 

galvanized iron pipe 

extruded aluminum alloy pipe 

boat winch 

aircraft cable 

turnbuckle 

screw anchor 

wire rope clip 

wire rope thimble 

galvanized or stainless steel bolts 

eye bolt, galvanized iron 

guy ring 

threaded galvanized steel rod 

galvanized angle iron 

miscellaneous lockouts, lock 
washers and flat washers 

mast. 

description 

2-ft x 2-inch diameter (nom) 

7-ft x I'/i-inch diameter 

10-ft x 1Vi-inch diameter 

21-ft X 174-inch diameter 

3-ft x 1'/«-inch diameter 

1000-lb capacity 

galvanized steel 
1/8-inch diameter 
1800 lb rating 

S/16-inch x 8-inch 

4-ft x 6-inch diameter helix 

1/B-inch 

1/8-inch 

3/8-inch diameter x 4-inch long 

3/8-inch diameter x 4-inch long 

To fit 1'A-inch pipe 

Vi-inch diameter x 2 ft 

1V<-inch flange x t/8-inch thick 

quantity 

1 

1 

1 

1 

1 

1 (Sears) 

210 ft 

3 (Spaulding Products) 

58 

39 

S 

1 

1 

2 

15 ft 

30-40 

paint V> gallon 
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turning. Initial moistening of the hole may 
be necessary to start the anchor. 

Twist the anchors into the ground until 
only the circular eyes protrude. When in-
stalled in average backyard soil, these 
anchors can withstand a pull of over 2000 
pounds. 

Mount the winch near the top of the 
1 Vs-inch pipe at a height of about 5 feet 
above the ground, using two 3/8-inch di-
ameter steel bolts, lock washers and nuts. 

fig. 3. Winch pipe support. 

TIGHTEN TURN8UCKLE 
UNTIL REARWARD 
DEFLECTION OF ABOUT 
t/2T IS OBTAINED 
ON WINCH PIPE 

The top of this pipe is then anchored to 
the rearmost screw anchor eye by a ten-
sion assembly consisting of steel cable, 
turnbuckle, thimbles and wire rope clips 
as shown in fig. 2. 

pivot assembly 
The next step is the construction of the 

pivot, or hinge assembly about which the 
mast tilts. The basic materials here are 

IIM ANGLE 
24" US. 

ALLOW 1/32" / 
CLEARANCE AT / 
POINTS MARKED X / h 
FOR FREE HINGE 
ACTION 

3 / 0 " BOLT a 
LOCK WASHER 

fig. 4. Mast hinge assembly detail. Leave nuts 
slightly loose to permit antenna mast to pivot; use 
jam nuts (two on each side) to secure. 

various lengths of angle iron to form the 
rigid triangular gussets and the threaded 
'/2-inch diameter steel rods that form the 
transverse axle and compression members 
as shown in figs. 3 and 4. 

The flanges on angle-iron members are 
trimmed and bent at the ends to permit 
Ihem to be joined as shown. When proper-
ly assembled, the hinge structure permits 
the mast to tilt about the pivot axis, while 
the axis is rigidly held in space by the 
balance of the triangular hinge structure. 
The latter is stationary with respect to the 
winch pipe. Tighten all nuts securely with 
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tig, 5. Completed tilt-over mart. 

the exception of those on the pivot axis 
(fig. 3), These are left slightly loose to per-
mit the triangular assembly on the an-
tenna mast to rotate about the axis of 
the threaded rod. Be sure to use flat wash-
ers and lock washers, or locknuts. 

The exact dimensions of the hinge as-
sembly are not critical, and the sketches 
and photographs illustrate construction 
techniques. In general, the distance be-
tween mast and winch pipe should be 
kept short (about 6 to 8 inches). The tri-
angular assembly of fig. 5 shows dimen-
sions that will give adequate lateral sup-
port for the 35-foot mast. 

mast assembly 
The next step is to lay the iVi- inch pipe 

on the ground and assemble it to the 
movable triangular hinged member via 
the two drilled holes, which receive the 
threaded rod and upper 3/8-inch bolt re-
spectively. The assembly at this point 

should resemble fig. 6. Now screw the re-
ducing coupling to the free end of the IV2-
inch mast pipe, and then follow this with 
the iVd-inch pipe. 

You should now have about 31 feet of 
iron pipe on the ground. Drill a 3/8-inch 
hole 23 feet from the bottom end of the 
lV2-inch pipe. This receives the 3/8-inch 
eyebolt, which wil l be the main lifting 
member when the mast is raised. (See 

labia 2. Parameters used in raismg-and-lowering 
(tress analysis. 

part 

main lift cable 

eyebolt 

winch pipe 

winch 

lifting breaking 
stress strength 
(lbs) (lbs) 

539 

117 

117 

539 

winch support cable 737 

1800 

2000 

1000 (rated load) 

1800 
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photograph.) Following this, attach the 
guy ring at the midpoint (16'/2-foot) level, 
and fasten three guy cables to the ring 
using thimbles and wire-rope clips. Mount 
the antenna rotator at the end of the mast 
pipe assembly, and fasten three guy cables 
to the base of the rotator as shown in 
the photograph. 

up she goes 
At this time you're ready to raise the 

mast and rotator to about 8 feet, so that 
the beam can be assembled to the rota-
tor. To do this, attach one end of a 
length of 1/8-inch aircraft cable to the 
3/8-inch eyebolt, and attach the other 
end to the drum of the winch, allowing 
one or two layers of cable to accumulate 
on the drum before taking up tension. 

If the winch is now cranked until the 
rotator clears the ground by 9 or 10 feet, 
an 8-foot ladder may be placed under the 
mast near the rotator, and the winch can 
be cranked backward until the mast is 
supported in part by the ladder. 

,WINCH SUPPORT CABLE 

Clockwise moments = (beam wt x 35) + (rotor wt * 31) + (wt of lower pipe x ) -j. (wt of upper pipe x 20'/i) 
2 

= (20 x 35) + (20 x 31) + (36.5 x 5) + (57.5 x 20.5) 
= 2683 ft lb 

(lifting wt at eyebolt, W l ) x 23 ft = 2683 ft lb 
W l = 2683/23 = 117 lb 

Angle A = arctan 5/23 = 12.3° 

117 
Cable tension = = 539 lb 

tan 12.3o 

Stress on winch pipe in compression is equal to W(. = 117 lb 

(539 x cos 12°) 
Tension on winch support cable = = 737 lb 

sin 45° 

Stress on screw anchor = 737 lb 
fig. 6. Stress analysis for lifting op-
eration. 
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The antenna assembly is now secured 
to the 3-foot length of 1'/4-inch extruded 
thick-wall aluminum alloy pipe, and the 
pipe is inserted into the rotator and fiT,.«-
ly clamped into place. Since the TA33 jr. 
beam weighs only 20 pounds, this opera-
tion is not too difficult. 

The rest of the operation consists of 
raising the entire assembly gradually with 
the winch until almost vertical, attaching 
the two sets of guy cables to the screw 
anchors and bringing the mast into true 
vertical position using the turnbuckies for 
adjustment. 

The tension in the lifting cable may now 
be reduced, since its function has been ful-
filled, and it will not be used again until 
you want to lower the antenna mast. 

The middle set of guys prevents the 
slender pipe structure from buckling while 
the main guy cables (attached to the ro-

table 3. Wind load stress analysis parameters 

part wind load 
stress 

load carrying 
ability 

guy cable 

screw anchor 
(in dense 
clay soil) 

rotator casting 7000 psi 
anchorage 

870 lbs 1800 
(breaking strength) 

3000 
(holding strength) 

870 lbs 

14000-23000 psi 
(yield strength) 

tator) maintain the mast in a vertical po-
sition. True vertical is established near the 
base, using a carpenter's level, while the 
upper part of the mast is visually aligned 
using neighboring structures as references. 
You can now stand back and proudly 
view your mast and antenna, which will 
appear as in fig. 7. Give them a coat of 
paint, and you're ready for many months 
of trouble-free operation. 

ANTENNA LOAD SB LBS. 
£14 RATING OF TA-33 Jfi 
IN »0 MPH WIND FOR 
4.3 SO. FT. - TOTAL LOAD 
AT TOP IS 144 L8S . 

IIS LBS TOTAL WIND 
LOAD ACTING AT 17.5 FT. 

SCREW ANCHOR 

fig. 7. Wind load stress analysis. 

Angle B = arctan 6/3S = 9.7° 

Stress in projected area at mast pipe - approxi-
mately 

(2 in x 420 in) 
= 5.83 sq ft 

144 

Mast wind load = 

half-way point 

5.83 

4.3 
x 86 = 116 lb acting at 

This is equivalent to an additional wind load of 
116/2 = 58 lb acting at the top 

Thus, total wind load at top i + 59 = 144 lb 

Assuming cable prestress of 25 lb, cable tension = 
144 

25 + ~ 870 lb 
tan 9.7° 

appendix 

stress consideration 
Two separate structural stress situations 

were taken into account in the design of 
the tilt-over mast. The first occurs only 
during raising and lowering, while the 
second is concerned with resistance of the 
structure to high winds. 

In the first situation the critical design 
parameters are: 

pipe as-

1. Lifting cable tension 
2. Lifting eye;bolt strength 
3. Deflection of the mast 

sembly 
4. Stress on the winch, winch support 

pipe and winch support cable 
5. Tension on the screw anchor holding 

the winch support cable 
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Referring to fig. 8 a summary of these 
stresses compared to design breaking 
strength is shown in table 2. 

Deflection of the mast pipe during lift-
ing was a maximum of about 12 inches, 
which is well within safe limits for the 32-
foot length of iron pipe. Once the as-
sembly is in the vertical position, all 
stresses in the lifting components are re-
lieved, with the exception of the winch-
support cable, which may be maintained 
at some nominal tension (say 50 pounds) 
to keep the support pipe rigidly fixed. 

Referring to fig. 9, the cable stress is 
870 pounds compared to a breaking 
strength of 1800 pounds and a screw an-
chor holding ability of 2000 pounds. The 
cable-fastening point on the lower alumi-
num rotator casting will be subjected to a 

870 

RCA 
has all-new 
FCC 
commercial 
license 
training 
Get your license— 
or your money back I 
Now RCA Institutes Home Study Training has the 
FCC License preparation material you've been 
looking for—all-new, both the training you need, 
and the up-to-date methods you use at home—at 
your own speed—to train for the license you want! 

2 Convenient Payment Plans—You can pay for les-
sons as you order them, or take advantage of easy 
monthly payment plan. Choose the FCC License 
you're interested in—third, second or first phone. 
Take the course for the license you choose. If you 
need basic material first, apply for the complete 
License Training Program. 
SPECIAL TO AMATEURS. This course is primarily 
tor Commercial License qualifications. But it 
does cover some oi the technical material that 
will help you prepare for the new Advanced and 
Amateur Extra class tickets. Check out the infor-
mation the coupon will bring you. 

Mail coupon today for full details and a 64-page 
booklet telling you how RCA Institutes Home 
Training can show you the way to a new career— 
higher income—and your FCC License. 

stress of 
0.125 

= 7000 pounds per square 

inch, compared to a yield strength of 
14,000 to 23,000 pounds per square inch. 
Table 3 gives the data. 

It should be noted that all wind load 
stresses are based upon the Mosley TA33-
Jr. EIA rating of 86 pounds for a projected 
area of 4.3 square feet at 80 miles per 
hour wind velocity. 

ham radio 

RCA INSTITUTES, INC. 
Dept. 350-002-0 
320 West 31st Street, Now York, N.Y. 10001 

Please rush me, without obligation, Information on 
your all-new FCC Commercial License training. 
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Address-
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A characteristic of conventional a-m trans-
mitters is their bulky (and expensive) 
modulator, modulation transformer and 
power supply. How would you like an 
a-m transmitter capable of 100-percent 
modulation that doesn't require these 
components? The circuit described in this 
article may be the answer. 

Although the system imposes a slight 
sacrifice in efficiency, this is compensated 
for by lower cost of original equipment, less 
weight, and smaller size compared to con-
ventional a-m designs. Fewer components 
also mean increased reliability. This sys-
tem uses a variable-current generator to 
modulate the output of a regulated pow-
er supply in accordance with the audio 
signal impressed on its input. 

standard a-m system 
A block diagram of a conventional a-m 

transmitter is shown in fig. 1. Typical 
waveforms, voltage, current and power 
are shown. Oscillator and microphone 
preamplifier power supplies have been 
omitted for simplicity. 

With no microphone excitation, the car-
rier signal is unmodulated. The dc input 
to the rf amplifier is 15 watts. For 100-
percent modulation, 7.5 watts of audio 
power are required from the modulator. 
Point X (fig. 1) then increases from zero 
to 30 volts. 

Assuming class B modulation, 9.6 watts 
are required from the modulator power 
supply. The modulation transformer must be 
capable of handling the power in a linear 
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fashion. Since this transformer is costly, bulky 

and heavy (except in very low-power trans-

mitters), it would be advantageous to elimi-

nate it. 

fig. 1. Conventional a-m transmitter with 
power requirements for 100-percent modu-
lation. 

V 
OSCILLATOR RF 

AMPLIFIER 

HCROPHQNE MODULATOR 
FfOWHJflCT T.SW 

MODULATOR 
POHER 

SUPPLY 
9.tW 

MODULATION 
TRANSFORMER 

ISVDC 

F AMP I RF AMPLIFIER 
POMB> 
SUPPLY 
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Additional savings in cost and size can 
be gained by eliminating the modulator. 
The circuit to be described requires no 
modulation transformer or modulator, 
but performs the same function by using 
the rf amplifier power supply regulator 
as a combination dc reguJator/modulator. 

circuit description 
Fig. 2 is a schematic of a conventional 

regulated power supply that could be 

used to supply power to the rf amplifier. 
A sample of the output voltage (point 
A) is compared with the reference-diode 
voltage by a differential amplifier. The 
error signal at the differential amplifier 
output drives the series transistors, so that 
the output voltage is held constant as line 
voltage and load conditions vary. 

If the modulator and modulation trans-
former of fig. 1 are to be eliminated, the 
output of the rf amplifier power-supply 
regulator must be made to vary from zero 
to 30 volts (for 100-percent modulation) 
in accordance with the audio modulation 
voltage waveform. Fig. 3 is a schematic of 
the power supply shown in fig. 2, but the 
circuit has been modified so that the out-
put may be varied from zero to 30 volts 
by adjusting potentiometer Rp. This, too, 
is a conventional design. 

Removing Rp from this circuit and re-
placing it with a variable current genera-
tor, so that the current through resistor Rf 
is made to vary with an audio modulat-
ing signal, will cause the regulator out-
put to vary with the audio modulating 
signal. Thus the regulator will be modu-
lated. 

experimental model 
Fig. 4 is a schematic of the modulated 

supply that was built and tested. Labora-
tory power supplies provided the input 
voltages to the regulator. A sine-wave 
audio generator was substituted for the 
microphone. The regulator output re-
produced the sine wave without notice-

fig. 2. Regulated power supply that could be used 
to power the rf amplifier in fig. 1. 
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tis VDC 

fig. 3. Modification of the regulated supply in fig. 2. Rp is used to adjust tha output voltage. 

able distortion with a peak-to-peak ampli-
tude of 30 volts, both under no load and 
when driving a 60-ohm resistor. Frequency 
response was approximately 30 Hz to 25 
kHz. The microphone preamplifier gain 
was sufficient to modulate the regulator 
to 30 volts peak-to-peak by speaking into 
the microphone in a normal voice. A 
block diagram of the modified a-m trans-
mitter is shown in fig. 5. 

Don Jackson, W5QAO, built a two-
meter, 15-watt solid-state transmitter using 

the basic circuit of fig. 4. It was necessary 
to feed the modulated regulator output 
to both the output stage and the preceding 
driver to obtain the proper modulation 
envelope. No other difficulties were en-
countered, and the transmitter is a com-
pact, trouble-free unit. 

Some power dissipation must be sacri-
ficed in the regulator to make the system 
workable. Since the regulator must be 
capable of 30 volts peak output, its un-
regulated dc input must be about 35 volts 

VARIABLE CURRENT MICROPHONE 
GENERATOR PREAMPLIFIER 

fig. 4. Experimental modulated power supply. The variable current generator is substituted for potentiometer 
Rp of fig. 1; regulator output then varies with the audio signal. 

52 |2j| february 1970 



at an average current of '1 ampere. This 
is 35 watts input to the regulator, with 
only 15 watts average power out. The ef-
ficiency is about 43 percent. 

In the conventional system of fig. 1, 
the combined power out of both modula-

tig. 5. Amplitude-modulated transmitter with 
the modulated power supply. 

tor power supply and rf amplifier power 
supply is 24.6 watts. Assuming an effi-
ciency of 75 percent for these fixed-voltage 
power supplies, the input power to the 
two regulators is about 33 watts. Although 
the efficiency of the modulated regulator 
appears to be low, the total power input 
to the conventional system is only 6 per-
cent less than the total power input to the 
modified system using the modulated 
regulator. 

applications 
Obviously this modulation technique 

can be applied to any transmitter. In gen-
eral, the higher the transmitter power, the 
more desirable this technique becomes, 
since the eliminated components are more 
costly as power increases. It's doubtful if 
this system would be desirable in low-
power, battery-operated transmitters of 
the walkie-talkie type since twice the 
normal battery voltage would be required. 
Voltage regulators are not normally used 
in these transmitters, so a modulated reg-
ulator may result in a net increase in com-
ponents due to the modification, and sav-
ings from eliminating a 100-milliwatt 
modulation transformer may not be sub-
stantial. 
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antenna systems 
for 

80 and 40 meters 

Some interesting ideas 

for efficient 

broadband antennas 

for the lower-frequency 

amateur bands 

You often hear references to antenna 

resonance, but with a lack of indication 

that the resonant frequency ever was ad-

justed or measured. Perhaps it is a good 

thing, for it might lead to confused think-

ing about the problem. 

resistive mismatch 
Take a very simple example—a half-

wavelength antenna fed directly with 50-

ohm RG-213/U coaxial cable (or 52-ohm 

RG-8A). The antenna is presumed to pre-

sent a resistive load of about 72 ohms to 

the line or R r = 72 + jO. The 50-ohm 

^ line needs a load of R0 = 50 + jO, but 

2 it is not getting it. The result, 72/50, is a 

£ standing-wave ratio of 1.44:1. 

The amateur, it is presumed, doesn't 

U actually know that his antenna is at reson-
.g ance, and doesn't like the resulting swr, 
c so he proceeds to run a curve of changing 
A 

U swr with frequency. Somewhere, at a 
nearby frequency, the swr bottoms out to 

^ a minimum that satisfies him, so he trims 
ao the antenna length to put this minimum 

swr at the desired frequency. Then, he 
g claims that the system is "resonant." Why? 
c Had the line been a 72-ohm coaxial 

3 cable, the antenna load resistance 
2 R r = 72 + jO would equal the character-
2" istic impedance of the line, Z0, and every-
uJ body would be happy. The original an-
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tenna would still be resonant, and the 
line would be "flat." That is, regardless 
of points along the line, or its length, the 
swr would be 1:1, it would load the 
transmitter well, and putting in a little 
more coaxial cable would not change 
anything. 

The original antenna length, fed with 
the 50-ohm coaxial cable, would worry 
this chap because of the 1.44:1 swr. He 
might even add coaxial cable to improve 
the loading at some new cable length. 
What he really needs is something to 
transform 72 ohms at the middle of the 
antenna to the 50-ohm characteristic im-
pedance of the line. With the transforma-
tion the swr at the sending end of the line 
would be 1:1, and again it would load 
well. This transformation could have 
been done in one of several ways, includ-
ing a transforming bridge balun1, tapping 
the line slightly up on a grounded (or 
ground-plane) vertical, with a stub, with 
an LC matching network, or with a quar-
ter-wave transmission-line transformer. 

finding resonance 
How do you determine the resonant fre-

quency of an antenna if the swr dip does 
not give it? One quad manufacturer says 
to insert a one-turn coil in the antenna 
and grid-dip it; but this may move the 
resonant frequency down a hundred kHz 
or more. The grid-dip frequency must be 
checked accurately, such as with a cali-
brated receiver. And it must be done so 
the grid-dipper doesn't come too close to 
the antenna, because that can lower the 
frequency too. 

There are other ways. One is to feed 
the antenna when it is a continuous di-
pole, or a grounded vertical, and deter-
mine that the currents on both sides of 
a feed line are identical. A way to do this 
is to put two rf ammeters in a loop of 
wire, couple it inductively to an rf source 
to check meter calibration, and jumper 
this loop of wire, stretcheid out with the 
ammeters in the middle, across part of 
the antenna with the feedline connected 
between the meters (fig- 1). The fre-
quency that produces identical current in 

both meters' is the resonant frequency. 
This method works when the antenna 

is folded in the middle to produce a tun-
ing or matching stub, as shown in fig. 2. 
However, it is also satisfactory to make a 
pick-up loop of several small turns of in-
sulated wire, with ends about a foot long, 
and jumper this across two feet of the an-
tenna. Then a grid-dip oscillator can be 
coupled to the small coil without it being 
in series with the antenna. The result is 
much more accurate. It works on quads, 
too. 

reactive loads 
You may have a resonant antenna with 

a load impedance (resistive) that is not 
equal to the characteristic impedance of 

fig. 1. Determining resonance with rf ammeters. 
When the current through each ammeter if* A is the 
same, the antenna is resonant. In B, the ammeters 
are placed in series to check that both instruments 
read the same. 

the feedline. T his results in standing 
waves although the line will present a re-
sistive load to the transmitter when it is 
any multiple of an electrical half wave-
length long. This load will be that of the 
antenna, which may or may not make the 
transmitter happy. 

At any intervening length of feedline 
the actual impedance will be complex— 
that is, it will have a resistive and a reac-
tive component. Some lengths of line may 
produce a combination of resistance and 
reactance that the transmitter cannot load 
because of matching network limitations. 
In this case, you can live with the high 
swr by adding sections of coaxial line un-
til a length is reached that provides a more 
satisfactory load to the transmitter. The 
actual swr, however, remains the same. 
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Another solution is to ardd a series or 
parallel capacitor or inductor to the line 
to cancel the reactance. 

When my Henry 2K is used on the 
wrong end of the 80-meter band, the tun-
ing and loading controls no longer are 
where they were when feeding a dummy 
load; the tuning control is at maximum, 
and the loading control alone is adjusted 
for a plate-current dip, allowing no con-
trol over loading. As coaxial cable is 
added to the line the loading improves 
and the controls on the amplifier move 
toward the setting when feeding the dummy 
load. 

bandwidth 
If a dipole is used over a 12 to 14 per-

more with a 1.5:1 swr. 
In the case of the inverted-V antenna, 

fortuitous height and apex angle may 
cause the antenna to present a 50-ohm 
load at resonance.5 Some increase in band-
width may result as compared with a hor-
izontal dipole in the absence of matching 
or broad-banding. Broadband impedance-
transforming bridge baluns have been de-
veloped1 for use when the antenna imped-
ance at resonance does not match the 
transmission line properly. However, solu-
tions by step tuning or by true broad-
banding continue to be required, particu-
larly for those whose antenna facilities 
are limited. Many of us need an antenna 
that covers 40 meters and both ends of 
80 meters. We now have simple solutions 

fig. 2. Determining antenna reso-
nance with series if ammeters in a 
matching stub, A, and with a grid-
dip oscillator, B. 

ANTENNA 

cent bandwidth in the 80-meter amateur 
band there are problems due to the 
change in complex antenna impedance 
presented to the feedline as the frequency 
is moved from one end of the band to the 
other. When the antenna itself is mis-
tuned in order to terminate the line with 
a suitable amount of reactance to mini-
mize the swr it may operate at a point on 
its reactance curve where small changes 
in frequency create large changes in re-
actance. This results in a narrowing of 
bandwidth, which might be defined as 
the bandwidth for an acceptable swr. A 
result of this condition was the develop-
ment of in-band rf traps,2 the use of coil 
switching at the antenna,3 end clip-on 
wires, and other means of enabling the 
antenna to be used over the entire 80-
meter band. One approach4 used series 
capacitors, a stub of fanned-out wires to 
create a real 10 percent bandwidth or 

for the 40-meter band and for spot fre-
quencies of 3525 and 3825 kHz more or 
less, using the in-band traps or dual 80-
meter wires, but we must develop a more 
general approach. 

With the current 5-band DXCC interest 
in 80 meters, better solutions are needed. 
Frequently, one is caught with the end 
loading wires clipped on or off, present-
ing a 15-to-1 swr or worse at the necessary 
operating frequency. The system can be 
loaded with a suitable matchbox, or addi-
tion of coaxial cable, or lumped react-
ance, but there are added losses with such 
a high swr. 

stub matching 
Before leaving the general comments, 

let's take a quick look at some of the sim-
ple theory of stub matching. If an antenna 
is resonant and presents a satisfactory re-
sistive load equal to the characteristic im-
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pedance of the line, there is no problem. 
However, if the fength of the antenna (or 
frequency) is changed it becomes reac-
tive. If this length is selected to bring the 
resistive component of the complex im-
pedance of the antenna, Z R = R + jX 
to a point where the R is equal to 
the characteristic impedance of the trans-
mission line, Z0, a reactance (equal and 
opposite to the antenna's reactance) 
placed across the line will result in a 
match. The necessary reactance can be a 
stub. Usually a shorted stub is preferred. 
If you know the R - f jX at the center of 
the antenna,6 the stub length that can pro-
vide the cancelling — jX, can be calcu-
lated, read from a graph, or obtained 
from the Smith chart. 

Let's look at the situation in anothei 
light; fig. 3 shows a quarter-wavelength 
stub with a line attached at a point that 
gives a proper termination to the trans-
mission line. The impedance of the 
shorted stub in one direction from the 
transmission line tap, a, is equal to that 

k — 4 

fig. 3. Line matched to stub; the reactance of 
the shorted section (A) at the line taps equals 
the reactance of the open section (B). 

of the open stub in the other direction, b. 
The current flowing in one wire of the 
stub will be equal just below the line tap, 
and just above the line tap, when the stub 
is resonant. The open part of the stub can 
be bent out to form a dipole antenna, with 
the feedline conveniently located at the 
bend. This form of stub may shorten the 
dipole. 

On the other hand, if you have an arbi-
trary length dipole and wish to feed it you 
may back down the line to the one or two 
points, a in fig. 4, in the first half-wave-

length toward the transmitter which has a 
resistive component (in R + jX) equal 
to the characteristic impedance of the line. 
At that point, attach a stub, b, which has 
an equal and opposite —jX reactance, 
thus cancelling the reactance and match-
ing the line with the resistive load from 
that point back to the transmitter. 

smith chart 
The Smith chart7 is a useful tool. A 

circle on it, centered on the center of the 
chart, is an swr circle for a lossless line. 
Points around this circle, which covers a 
half wavelength, gave the resistive and re-

active components of the complex im-
pedance along the transmission line. 

In reverse, any value R + jX complex 
impedance can be plotted on the chart, 
such as the changing resistance and react-
ance as some circuit is fed at different fre-
quencies. When these impedance points 
are connected together with a line it will 
be seen what range of frequencies falls 
within an acceptable swr. The Smith 
chart also facilitates adding reactances in 
order to bring some part—or a greater 
part—of the connected points within the 
acceptable swr circle, by moving a plot-
ted point along a res/stance curve by the 
amount of the added reactance.8 

So far we have dealt with resistance, 
impedance and reactance. Sometimes 
problems are more' readily solved in the 
reciprocals (these values divided into 1) 
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called conductance, admittance and sus-
ceptance. Whichever form is used, it is 
sometimes convenient to divide R + jX 
by the characteristic impedance of the 
line, use the result in chart work or cal-
culations, and then multiply again by the 
line's Z ( ) to obtain the actual values of 
R + jX. This process is called "normaliz-
ing." One advantage of normalizing is 
that the value applies equally to lines of 
different Z 0 without replotting. Smith 
charts are available with a normalized 1 
at the center for normalized data, and 
others are available with 50 at the center 
for direct use with 50-ohm systems. 

about four turns were added; for 80-
meter cw, about 9 turns were added. 

An swr bridge showed something like 
1.5:1 but there was no transmission line 
to have a standing wave. This actually 
was a measurement between the normal 
,)2-ohm termination in the swr bridge, 
and the actual resistive load presented 
by the antenna. At any rate, the Heathkit 
SB200 and Henry 2K both fed the anten-
na easily, which was only 15 feet above 
ground at its midpoint. Nevertheless, cw 
and ssb contest contacts were made into 
far South America, Malaysia, Singapore, 
and the like on 80 meters. 

fig. 5. Trapped inverted-V with clip-on ends. Coaxial connectors ara more reliable than alligator clips. 

simple two-band antenna 
When I was becoming more active in 

amateur radio after retirement, I didn't 
appreciate that the problem of coax-fed 
antennas for the lower bands might be 
difficult. With some memory of a chap 
named Marconi, and disregard for the 
200-ohm resistance between rods driven 
in the ground ten feet apart, I put up an 
L antenna which was resonant at 5/4 
wavelengths to the 40-meter trap, and at 
3/4 wavelengths on 80 meters to the far 
insulator. The antenna was led to the 
transmitter output terminal with no coax-
ial cable at all, and no matching or 
coupling device. The wire was trimmed 
for the high end of both bands. Then, to 
move it to the low end of both bands, 
about ten turns of two-inch Air-Dux coil 
were mounted on the wall, and provided 
with a shorting clip. For 40-meter cw, 

The main problem was the necessity to 
put 16 bypass capacitors and one rf choke 
in the electronic keyer, and to use RG-
58/U cable instead of shielded audio 
cable to the exciter key jack to prevent 
rf from interfering with the keying. The 
antenna system was so simple, really, that 
it was a pity that use of the land was pre-
vented by a building program. With the 
local decomposed granite soil, and pave-
ment over almost all of the ground, all 
proposals that I use a vertical antenna 
and a radical ground were quickly re-
jected without a fair test. 

two-band dipole types 
The common two-band inverted-V or 

dipole is the trapped wire, fig. 5. This an-
tenna may have considerable interlocking 
tuning between the sections. Furthermore, 
if any dead-end wire is twisted back 
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around itself, thus providing more wire 

if needed, it may load that section of the 

antenna unless it is shorted to the active 

wire by soldering or clamping with a 

Kearny clip. Even a loose fold-back may 

change the tuning by acting like a "fat" 

wire. 

Another version is the use of two wires, 

each being a dipole for one of the bands; 

these wires can be at different angles, or 

spaced by dowel-rod spreaders, using a 

single support at each end, as in fig. 6. 

These antennas may provide adequate 

coverage of the 40-meter band, but the 

tend to shorten the resonant length by as 

much as 20 percent. 

Everett9 goes through the design of a 

fat antenna with a bandwidth of about 30 

percent within an swr of 1,25:1. The 

length/diameter ratio of the conductor 

was selected for a resistive component that 

matches the transmission line; then a 

shorted stub was connected across the line 

at the antenna to cancel out the re-

actance. 

John Kraus, W8JK,12 gives the resist-

ance of fat antennas which runs in the 

vicinity of 80 ohms at the center of a half 

FEED 

fig. 6. Two-wire, two-band inv«rted-V with clip-on ends. 

width of the 80-meter band may be too 
much for them unless there is excessive 
loss in the line or balun. Line losses can 
be compared with those existing during 
earlier measurements, by logging the swr 
when the far end of the line is shorted.10 

broad-banding 
O n one band only, there are several 

ways to broaden the antenna. One way is 

to make the wire fat, in effect, compared 

with the length. Several spaced wires can 

be used, including the old "cage." 1 1 A re-

markably effective and convenient form 

is to use several wires, held apart half way 

between the center insulator and the end 

by some type of light-weight spreader, 

forming a diamond in each quarter-

wavelength. Still another way is to fan 

out two wires, or three, supporting the 

far ends from different points. All these 

wavelength, to 200 to thousands of ohms 
for the center of a full wavelength. These 
lengths are much shortened due to the 
shape. The convenient impedance ex-
plains why many very broadband fat an-
tennas actually are vertical half-waves or 
horizontal full-waves. 

Coleman4 has investigated the use of 
parallel or series reactances in the form 
of capacitors, inductances or line seg-
ments, to obtain more bandwidth in a 
particular antenna. In connection with 
parallel-resonant stubs (usually slightly 
longer than a quarter wavelength) placed 
across the line at the antenna, he says: 
"The broad-banding property seems not 
to have been exploited. A resonant an-
tenna has a negative susceptance (1/X) 
slope with respect to frequency, which can 
be cancelled with a properly chosen cir-
cuit over a considerable range of fre-
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quencies. The most favorable antenna 

curve is one which has a resonant conduc-

tive component (1/R) just less than 2. 

The stub portion of a bazooka (quarter-

wavelength-line type of balun) is ideally 

suited for bazooka matching and balanc-

ing of a balanced resonant circuit to an 

unbalanced line." Linear baluns thus 

formed of coaxial or triaxial13 cable may 

be very useful in broad-banding an an-

tenna without added hardware. 

Meier4 has put together the work of 

fig. 7. Fan monopole, physically short as shown. 
Two can be used as a dipola. 

Coleman on the use of capacitors or in-
ductors, and stubs, to obtain broad-band-
ing. With simple antennas, and using a 
two-element broadening arrangement 
consisting of a series capacitor and a 
parallel stub, he obtained bandwidths far 
greater than our 80-meter band. Then, he 
explored the use of fan elements (fig. 7) 
which are physically short, and found that 
it was necessary to use only the parallel 
stub in order to obtain adequate broad-
banding. Three wires, connected together 
at their far ends, were satisfactory; the 
length of the center wire plus half the 
length of the wire connecting the ends, 
was approximately a quarter wavelength. 

The unusual bandwidth resulted part-
ly from the complete loop that the an-
tenna impedance makes on the Smith 
chart. The spiral locus is also typical of a 
series line transformer with a length that 
exceeds a quarter wavelength.9 

It is customary practice in broadband 

designs to sacrifice a perfect match at the 

midfrequency in order to gain band-

width within the acceptable swr. For a 

fanned-out antenna and linear balun 

giving an swr less than 2.5:1 over the 80-

meter band, (see the Radio Handbook, 

17th Edition). 

double-Humping 
Somewhat like broad-banding is the de-

sign of an antenna that will produce an 
acceptable swr at two different frequencies 
within the 80-meter band. One way is to 
clip additional wire on the ends of the 
antenna, but this sometimes proves to be 
inconvenient. A second way is to use in-
band traps to do the clipping-on auto-
matically.2 It may be possible to use line 
sections as automatic switches14 even if a 
coiled coaxial line is used on only one 
side of the center of the antenna to per-
form the switching function, such as short-

fig. 8. 80-metsr antenna using two dipola wires 
within the band producing a double-humped swr 
curve. 

ing a series capacitor or changing the 
length of a stub to its shorting bar or 
shorting line. I have tried separate di-
poles cut for two frequencies in the 80-
meter band (fig. 8). This worked satisfac-
torily except for the amount of wire in 
the air. 

Two tests were made to solve the prob-
lem of midband operation. With the clip-
on ends, leaving one on and one off, put 
the antenna swr dip in midband. This has 
not yet been tried with the in-band traps, 

february 1970 (gj 61 



but clip-on wires hanging from the inside 

end of the traps successfully moved the 

position of the swr dip. This idea was 

first considered as a means of lowering 

the frequency of the ten- or fifteen-meter 

sections of the driven element of a Telrex 

Vagi without affecting lower bands ap-

preciably, and without adjusting the 

aluminum tubing. 

two bands broad-banded 
Many of us have the more difficult 

problem of covering the 40-meter band at 
both ends, and the 80-meter band on both 
cw and phone. This tends to make the 
problem more difficult. The trapped 
40/80 inverted-V with clip-on ends for the 
80-meter cw frequencies which has been 
in use at K6KA for several years is some-

trap cut to different lengths for the ends 

of the 80-meter band. This caused a re-

markable shortening of the wire length in 

addition to that caused by the inductive 

reactance of the trap, and only one swr 

dip was located within the transmitter's 

frequency range. The narrow frequency 

range of current exciters makes it difficult 

to locate the swr dips when they fall well 

outside a band. 

Using two dipoles spaced six inches by 

dowel rods, the 40-meter wire below the 

80-meter wire, and in-band traps near the 

end of the 80-meter wire, W6JKR found 

no interaction and fully satisfactory 

operation.2 

Obviously, the in-band traps can be 

eliminated, too, by using three wires: one 

for 40 meters, one for 80 cw, and one for 

SHORTED STUB 

fig. 9, Broadband 80- and 40-meter inverted-V with tv shielded foam line shorted stub, and quarter-wave 7-MHz 
switching stub. This can be part of a bazooka balun. 

what difficult to adjust initially because 
of the loading effects of the 80-meter sec-
tions upon the 40-meter section inside of 
the 40-meter Hy-Gain traps. 

The need for clipping on wires was 
found unnecessary when an 80-meter 
phone dipole was placed in parallel with 
the old 80-meter cw dipole which was 
trapped for 40 meters. However, there 
continued to be some interlocking ad-
justments. 

An alternate plan used one dipole from 
the center of the antenna to the 40-meter 
trap, and then two fanned wires from the 

80 phone. Such an arrangement was put 
up at WB6 ITO and W A 7 N A R using a 
wooden mast and a four-wire cage dipole 
on X-shaped spreaders. The wires are not 
connected at the far ends, but the lengths 
are cut for different frequencies in order 
to produce a fairly flat swr over the en-
tire 80-meter band. One wire presumably 
can be cut for 40 meters. The problem of 
adjustment might be simplified by clip-
ping extension wires on the three (or 
two) 80-meter dipoles not being adjusted, 
in order to move them out of the range 
of the dipole being adjusted. Actually, 
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the adjustment is not to "resonance," but 
to a low swr at the dipole's assigned fre-
quency in the band. 

general solution 
So far several satisfactory one-coaxial-

cable two-band antennas have been men-

2. A fan dipole with 40-meter traps in 
all of the wires, and a parallel quarter-
wavelength stub (or slightly longer, 
possibly made of shielded tv foam cable 
coiled up) or bazooka with the auto-
matic switching discussed above (see 
fig. 10). 

j.v mru 
SHOUTED STUB 

fig. 10. Broadband 80- and 40-meter fanned inverted-V, trapped for 40 meters. Stubs perform the same as in 
fig. 9. 

tioned, including those with a separate 
wire for 40 meters, and two-point or wide-
band coverage of 80 meters. If two coax-
ial cables are considered, the problem of 
obtaining broadband coverage of 80 me-
ters is not difficult if a quarter-wave stub 
or bazooka balun is used for broadening. 

For full coverage with a single feedline, 
other than the two cage dipoles described 
by Covington,11 or a single cage which 
might permit trapping one wire for 40 
meters, it appears that the most satisfac-
tory design will use a combination of 
methods such as those discussed above and 
will be useful throughout both 40 and 
80 meters with an acceptable swr. The 
most promising possibilities appear to be: 

1. A 40-meter wire and an 80-meter 
wire, broadbanded by a parallel quarter-
wavelength (or slightly longer) stub or 
bazooka whose length is automatically 
switched between bands by applying a 
quarter-wavelength open-circuited line 
at the position that will shorten the 
stub to the 40-meter length (fig. 9). 
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quick band change 
from 

six to two meters 

If you like to operate 

on both six 

and two meters, 

here's an equipment 

changeover scheme 

that is practically 

instantaneous 
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My problem was how to get back and 
forth between 6 and 2 meters w i th this 
rather complex array of equipment : An Ame-
co TX62. (6- and 2-meter output on one coax 
connector); two converters, indicating lights; 
on-the-air l ight; and a speaker switch. One 
way wou ld be to change a lot of coax cables, 
power cables, converter connections, etc. 
Meanwhi le, the skip wou ld have come and 
gone whi le thrashing around trying to get 
set up on the other band. A much quicker 
way is shown in fig. 1. Here's how I d id it. 

I had three surplus coax relays that came 
from an o ld vhf ARC-5 and a 12-volt dpdt 
relay. Coax relay 4 (fig. t ) was ordered f rom 
K8ZES, whose ad appeared in the August, 
1955 issue of the Vhfer. These were two 
dollars post-paid at the time. They're smaller 
than standard coax relays. I used this to 
change my receiver input to either con-
verter. A l though these relays are 24- or 
28-volt types, they've been work ing f ine on 
12 volts for three years. If you have a 
28-vo!t coax relay, try it on 12 volts before 
you spend your hard-earned cash on anoth-
er. 

W i th all coax relays unenergized, the sta-
t ion is on 6 meters. Switch 2 is mounted on 
the mike. It energizes the on-the-air l ight 
(red jewel) and also energizes the dpdt re-
lay, wh ich disconnects the speaker and 
shorts the audio through a 10-ohm resis-
tor. The other relay contacts ground the 
cathodes in the TX62. Coax relay 2 is 
tabla 1. Pari* data for the 6- and 2-matar twitching 
circuit!. 
T1 

D1 

Bulbs 

Coax refaya 
I through 3 

4 

SW1 

sm 

Transformer, 110 V primary; 18 V Th 
A secondary 

Stud-type (unmarked) rectifier from 
Polypaks 

12 V bayonet type number 1820 
mounted in holder with colored Jewel 

war surplus salvage 

see text 

dpdt toggle twitch 

modified mleroswitch mounted 
on microphone 
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2 METER 

fig, 1. Switching circuit for quickly changing between 
types. Heavy lines represent coaxial cables. 

changed from receive to transmit through 
the coil of relay 5. 

Throwing toggle switch 1 to the 2-meter 
position lights the 2-meter indicator light 
(white jewel), selects the 2-meter antenna 
via coax relay 1, connects the antenna cir-
cuit to the 2-meter converter via coax re-
lay 3, and connects the output of the 2-
meter converter to the receiver. With toggle 
switch 1 in the 6-meter position, every-
thing is connected for 6 meters, and the 
6-meter light is on (green jewel). 

This may sound complicated to some and 
may be too much of a lashup for others, but 
it's easy to work. With switch 1 up and the 

6 and 2 meters. Coaxial relays are coaxial dcoperated 

green light on, after I throw the master 
switch that turns everything on, I'm listen-
ing on 6. I press the mike switch, and I'm 
on the air. If I want to go to 2 meters in 
a hurry, all I have to do is place toggle 
switch 1 in the down position, the white 
light goes on, and I'm on 2 — just that 
simple and fast. 

Additional information on the parts I 
used is given in table 1. {Other parts are 
as marked in fig. 1.) If you're interested, 
the swr bridges were made from an article 
entitled "Vhf Monimatch" in the Radio Ama-
teur's Vhf Manual. 

ham radio 
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tebook 

converting the hallicrafters 
SR-160 to an SR-500 

While considering the purchase of either 
a used Hallicrafters SR-160 or an SR-500, I 
was looking over the two instruction manu-
als. The schematics showed that both units 
were identical with the exception of the 
final amplifier lubes. The circuits were the 
same, and even the same components were 
used in both final amplifiers. Because of 
this similarity, it's a simple job to convert 
the SR-150 to an SR-500. 

Before converting the transceiver, you 
should think about the new power require-
ments. It's not economically feasible to con-
vert the SR-160 power supply, since this 
would require a new transformer, new diodes 
and new liter capacitors for the high-voltage 
supply. The most economical way is to sell 
the old SR-160 power supply and buy a used 
SR-500 power supply. According to current 
used-equipment prices, it should be possible 
to swing this deal with a cash difference of 
about $25. 

The other approach is to build a supply 
for the converted SR-160/500 from scratch, 
and you could keep the SR-160 supply for 
later conversion to original configuration for 
resale. 

If you build your own power supply it 
must provide the following voltages: 

280 Vdc, 100 mA 
750 Vdc, 50 mZ 

-80 to -130 Vdc, 10 mA 
12.6 Vac, 5A 

VIS 
8236 

© l i f e 
I 3.0 

fig. 1. Converting the Hallicrafters SR-160 
to an SR-500. Original SR-160 final amplifier 
wiring, A, and the SR-500 circuit. 

Once the power supply is taken care of, 
the modification of the SR-160 is as follows. 

Remove the two 12DQ68 final amplifier 
tubes from their sockets. Rewire the socket 
connections to the final amplifier tubes as 
shown in fig. 1. Install two 8236 tubes in 
the final amplifier sockets. 

Readjust the bias for an idling current of 
100 mA, using the method outlined in the 
SR-160 instruction manual. 

Due to the similarities of the two equip-
ments, the SR-160 manual and the SR-500 
manual are identical. Note the changes made 
in the final amplifier socket wiring and the 
new idling current required in the bias 
adjuslment. 

As a matter of interest, I noted that the 
picture of the SR-160 bottom chassis view 
(Figure 13 of the manual) had been used 
in the SR-500 manual. It was possible to 
make this identity by checking the pin con-
nections lo the final amplifier tube sockets. 

If you have an SR-160, this is an easy way 
to beef up its output a little. 

Al Brogdon, K3KMO 
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impedance bridge 
Here is a useful litile bridge that can be 

used to compare the impedance of an un-
known antenna (or network) to a known 
termination over the range from 2 MHz to 
900 MHz. By changing the value of I he 

Construction of the impedance bridge. Unit 
must be housed In a metal box. 

termination, impedance can be checked in 
the range from 25 to 500 ohms; to check 
the match of a 50-ohm antenna for example, 
a 5-ohm load would be placed across the 
termination terminals. When the impedance 
across the lest terminals is equal to the 

fig. 2. Impedance bridge compares "termination" 
impedance to the "test" impedance. Transformer T1 
has two windings; each winding is one turn through 
a small double-hole toroid, the windings connected 
as above. 

impedance across the termination terminals, 
ihere is no output. 

This bridge may be used with a sweep 
generator and oscilloscope to display a cir-
cuit's resistance characteristic over the de-
sired bandpass. To determine the value of 
an unknown impedance connected at the 
test socket, a calibrated variable resistor 
may be used at Ihe termination terminals. 
When building this simple instrument, make 
sure all lead lengths are equal. It is not 
necessary for Ihe impedance of the measur-
ing equipment connected across the input 
and output terminals to have ihe same value 
as the unit under test. 

Oliver W. Swan, W6KZK 

instant replay 
Does your tape recorder sit idle while 

you're on the air? All you need is a con-
tinuous tape loop, of as long a length as 
practical in your shack, made by slicing and 
Joining both ends of a length of tape. With 
appropriate "jury rigging", such a loop can 
run forever without snagging. Continuous-
loop automotive cartridge recorders such as 
the Sony TC-8 could also be used. 

Whenever you do a bit of listening on 
the bands, run the recorder, either directly 
from the receiver's speaker output, or sim-
ply through the recorder's mike, placed 
near the speaker. Leave the machine in the 
"record" position; you wil l , at any given 
moment, have the most recent sounds (or 
minutes) of received signal, depending on 
loop length, which can be instantly re-
played by quickly switching to the play 
mode. Why? Imagine this: 

1. As a novice, you're trying to copy a 
signal slightly above your maximum cw re-
ceiving speed, to help improve your own 
speed. You got nearly all, but what did 
you miss? Flip to "play", cut the record-
er's speed from maximum where the loop 
was originally run down to minimum. If 
your recorder has two speeds, you'll have 
halved the original wpm to a more com-
fortable level. If it has three speeds, you can 
cut down to one-quarter of the original 
speed. 
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2. You' re a DX hound, on cw or phone, 
and you think you've just heard an un-
believably rare one. Or was it? Play it back 
again, maybe twice, before trying to call. 
Too bad! It wasn't ZK3JO . . . just K3JOZ. 

3. You're handling traffic when a noise in 
the shack distracts you. You've missed an 
important part of the message. Ask for a 
complete repeat? That won't be necessary 
if you've caught the missing section on 
tape. 

Of course, a tape loop isn't absolutely 
necessary; you could record the entire oper-
ating session on a full reel to be replayed 
when a log entry is to be clarified, and 
re-recorded on the same tape during the 
next session. But a loop, especially a short 
one, eliminates the time and uncertainty of 
fast rewinding. Experiment with different 
loop lengths (times) to find the length best 
suited to your operating habits. Using a 
loop is like having an insurance policy. 
You'll begin to appreciate it the first time 
you really need it. 

Bob Hirschfeld, W6DNS 

using an outboard receiver 
with the SB-100 

The following idea is offered as an ad-
dendum to a similar item that appeared 
in an earlier issue of ham radio.* In my 
case, it was a simple matter of rewiring 
two sets of contacts on my Heath SB-100 
antenna T-R relay so I could use a sepa-
rate receiver with the unit. I wasn't con-
cerned with switching the two audio out-
puts to a single speaker, as shown in the 
previous article, so no provision was made 
for this. 

The before-and-after circuits are shown 
in fig. 3. I'm not familiar with the dif-
ferences between the SB-100 and the SB-
101, but if the T-R relay setup is similar 
in the two units, the modification should 
also work for the SB-101. 

Bill Clements, K4GMR 

•Jim Fisk, "Using an Outboard Receiver with a Trans-
ceiver," ham radio, September, 1968, p. 12. 

soldering tip 

Dig around the lumber yard for a scrap 
of lumber with a big end-grain knot, the 
sappier the better. Make a depression in 
the knot to hold a drop or two of solder. 
Then, when you want to clean and tin your 
iron, just rub the tip on the knot Cover 
the bottom of the knot to keep it from 
glopping up your bench. 

James T. Lawyer 

LPY antenna 

Unfortunately two of the driven elements 
were transposed in fig. 5, page 13 of the 
july issue; the positions of the third and 
fourth driven elements should be reversed, 
tf the antenna is built as shown there will 
be a serious loss of gain. 

70 Lea 

RECEIVER * 
ANTENNA 

COMi «£C 

t ANTENNA 
SWITCH © 

TO PA 0ANDSMEITCH 
CONTACT 10, DECK 5R 

RF OUTPUT 
(TO TRANSMIT ANTENNA! 

THIS JACK ORIGINALLY USED FOR OPTIONAL 
CONNECTION OF A SEPARATE RECEIVING ANTENNA 

TO m BANDSHHTCH 
CONTACT 10. OBCKSR 

RF OUTPUT 
(TO TRANSMIT-
RECEKE ANTENNA) 

12 

RECEIVER** 
ANTENNA 

"*n#S JACK NOW USED FOR CONNECTION TO 
OUTBOARD RECEIVER'S ANTENNA POST. 

fig. 3. Original, A, and modified circuit, B, showing 

SB-100 T-R wiring for outboard receiver; no new 

part* are required. 
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a mobile mount bracket 

Serious thought must be given to mounting 
a transceiver in the front seat of today's new 
cars, because the bracket normally accom-
panying the equipment won't allow suffi-

MATERIAL! 
ALUMINUM ALLOY 
.100 TO .125 THICK 

.23 WIDE SLOT 
TWO PLACES 

OfiILL TO MATCH HOLES 
V ABOVE -4 PLACES 

-3JS • 

~r 
I.SO 

TOP BRKT 
<tREOO) 

_LTM A S RCOO 
(t&JOO FOR NCX3) ' 

fig. 4. Homemade mobile mount bracket. 

cient clearance above the hump in the floor-
boards when the equipment is bolted under 
the dashboard. 

1 found it necessary to design a mobile 
mount bracket with a slightly different shape 
to fit my NCX3. Also I recalled the many 
times my wife had caught her stockings on 
the arms of the old bracket when 1 had the 
rig out of the car. So with all that in mind, 
the design in fig. 4 was created, and the side 
arms were made removable. 

I constructed the bracket from a 1'/2-inch 
piece of 5052-H32 aluminum alloy with a 
hardness index of 46. However, any hard 
aluminum that can be bent 90° will suffice. 
I cut it the same length as the bracket that 
came with the equipment so that when V2-
inch right-angle lips were formed at each 
end, it fitted over the transceiver case. PEM-
NUTS with 6-32 threads were fitted into the 
V2-inch lips, and, of course, the body of the 
bracket was cut so that when fastened under 
the dashboard, the bracket could be slid 

either way for proper positioning. The arms 
were fashioned as illustrated, but as each car 
is different, their angle may vary. This can 
be determined almost by the naked eye. The 
arms are fastened by 6-32 screws that go 
through the neck of the arms and into the 
PEMNUT5. 

The result is a very firm installation. When 
the rig is out of the car, the arms are put 
into the glove compartment, and the wife's 
stockings and shins are safe. WA4KDI did 
the mechanical design. 

Gay E. Milius, Jr., W 4 N J F 

pentode replacement 

Many amateurs are updating their old 
equipment by replacing vacuum tubes with 
semiconductors. Bipolar transistors are used 
occasionally, but the trend seems to be to 
junction fets and mosfets, with mosfets tak-
ing the lead. Jfets are a little harder to use, 
but not much, and they are still lower priced 
than rf-rated mosfets. The circuit shown in 
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fig. 5. A simple solid-state circuit that can 
be used to replace vacuum tubes in simple 
amplifier circuits. 

fig. 5 is a simple cascode circuit that may be 
used as a simple plug-in replacement for 
most pentode vacuum tubes. The circuit 
shown here works well up to 30 MHz; for 
higher frequencies bypass capacitors C1 and 
C2 should be reduced to 0.001. When using 
this circuit, make sure that the voltage at the 
"plate" terminal does not exceed 50 volts. 
Current drain of the circuit is about 600 
microamperes. 

J i m Fisk, W 1 D T Y 
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comments 

V 

Dear Mr. Bonadio: 
t am one of "those Engineers" you are 

talking about. I would like to make some 
comments regarding your antenna, and 
also about science in general. Many dis-
coveries are made by people not trained 
in the field, and anyone who makes one de-
serves a lot of credit because he starts with a 
distinct disadvantage. He has to try every-
thing: things that can pay off as well as 
those things that cannot because of physi-
cal laws against them. An additional dis-
advantage is that the untrained inventor 
fails to see the commonalities inherent 
in many designs that look quite different. 

There is no question in my mind that 
the antennas you describe work as de-
scribed and in many situations will give 
better results than the beam antenna next 
door. That still does not mean that they 
are superior antennas in general. This, 
I think, is the reason why you could not 
sell them to manufacturers. 

The "square diagonal" antenna has 
the characteristics of a dipole. You give 
directions for switching its (horizontally 
polarized) pattern by 90 degrees by 
means of relays. By adding two more po-
sitions on the switch you can switch the 
beam 45 degrees at a time. Just open up 
one set of dipoles at a time. The antenna 

Mr. Bonadio replies: 
Ves, I've tried to violate some oI what 

u»e believe to he physical knv$, because I 
don't trust everybody else's beliefs either. 
Wh.it I iv.is originally trying to do was to 
broadband a doublet. I did. I then went to 
logical extremes. Then ! could switch it 
and keep it in tune—at fabulously low Q. 
Then the ridiculous reports started coming 
in. These were on comparative strengths 
from DX and lading comparisons in round 
ta!)les. This was from two dimensional ele-
ments. So, natura/fy, I tried three dimen-
sions. The ratio of reports improved. En-
thusiastically I tore down my old compari-
son antennas. Then I idealized the three 
dimensional effect in the six-element space 
dimension antenna, and found it better 
than the lour- or eight-element systems. 

I sent the editor ol ham radio a list of 
about 100 ridiculously good reports from 
my modest operating beiore he would ac-
cept my article. Operated correctly, these 
antennas are actually very effective. How-
ever, sales to a manufacturer are based on 
that manufacturer needing the item lor his 
profit picture. After amateurs prove that 
these antennas have a desirable place in 
sales, manufacturers can be interested, not 
before. 

The third paragraph's lirst sentence is in 
error. A dipole has extremes of reactance 
and a high radiation resistance and launches 
a wave from an element laying in one dimen-
sion. My square diagonal has unusually low 
and smooth reactance curves and a lower 
radiation resistance, and hunches a wave 
irom "an element" in two dimensions 90° 
apart, which gives a complex wave. The 
extra position on the switch would require 
a second set of tuners, as the electrical 
appearance to the feeders of a two-wire 
dipole is grossly different Irom a four-wire 
load. The pattern differences are now mod-
est or> the four wire systems, so that four 
patterns in place of two would be undesir-
able encumberance. I compared virtually 
every contact for a year between a 162-foot 
dipole and an equivalent 81-loot square 
square-diagonal antenna on 160 through 10 
meters. One never performed "exactly as" 
the other. 
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will perform exactly as a rotating dipole 
with the advantage of quick pattern 
change. 

The "box diagonal" antenna is identi-
cal in pattern and polarization as above. 
It simply uses more hardware for the 
same result. 

The "space dimension" antenna has 
the performance, pattern and polariza-
tion of a dipole that can be inclined at 
various angles to the horizontal and ro-
tated in azimuth, by means of electrical 
switching. Similar comments apply to the 
"cube diagonal." 

Since the direction of arrival and polar-
ization of sky waves varies continuously, 
fast pattern and polarization changes can 
be a help for receiving. Such flexibility 
is not available in mechanically steered 
antennas. Since the arriving wave is gen-
erally linearily polarized it helps to have 
a receiving antenna that can be switched 
to circular polarization also. This can re-
duce fading markedly and does not re-
quire constant attention. 

For transmitting purposes the problem 
is entirely different. Assuming the opti-
mum sky path and expected polarization 
is not known in advance (which is gen-
erally the case), all that one can do is 
transmit under antenna conditions that 
yielded the strongest signal on reception. 
If polarization changes during the trans-
mission there is no signal or feedback. 
Since polarization changes quite rapidly 
with skywaves there is little advantage for 
these antennas from a transmitting point 
of view. 

For long distance work, on the aver-
age, the antenna that can put the most 
power into a given direction with the 
lowest possible angle wi l l get through 
most often. There wil l always be "freak" 
propagation conditions where almost any 
kind of antenna can produce the strong-
est signal. Such things as "one direction-
al" skip do certainly exist although they 
are extremely rare. Electro-magnetic path 
loss is usually identical at a given instant 
of time and polarization, in the two dif-
ferent directions. 

Peter Laakmann, WB6IOM 

The box diagonal improved the "anti-
fading" factor and the "DX in poor condi-
tions" factor over the doublet, with similar 
feeders and tuners. These were delightful 
results of using more hardware. 

If you are receiving my waves, which 
started on a triple polarization, instead of 
linear polarization, can you obtain as deep 
a fade on my signal? You may have thereby 
explained the reports I receive about less 
fading. Incidentally, what disturbs some 
engineers is that I observe reports of less 
dissipation per hop on the one hand, and 
on the other, feel that these systems have 
no great receiving advantages. I believe 
that the propagation damage happens to 
different styled waves differently in the ion-
osphere, (which itself is of peculiar polariza-
tions), and after that fact, no receiving an-
tenna can restore that extra dissipation. This 
is why I ask for transmitting, instead of re-
ceiving, tests through the ionosphere. 

The antenna that yielded the strongest 
signal on reception (at my contact's loca-
tion) was not the dipole—it was one of my 
multivector systems. Apparently I radiate a 
bushel-basket wave and overcome fading by 
being every which way at once, tn optics 
a polarized filter can null light of singular 
polarization but it cannot null multi-polar-
ized light. 

Carl Mosley, an antenna manufacturer, 
in a technical talk at the Rochester Hamfest, 
said that quads (which have low-grade two 
dimensional vectorship) open the bands 
about a half hour earlier and close them 
about a half hour later than equal gain 
Yagis (which have high-grade one-dimen-
sional vectorship). I think he was referring 
to poor propagation conditions, such as at 
hand openings and closings. The low-grade 
two-dimensional waves of quads were many 
dB better than Yagis, but this difference 
does not remain when propagation is ex-
cellent. I observed the same confounding 
peculiarity on my continuous-spectrum, high-
grade, two dimensional system, and then 
improved the effect by going to several 
three-dimensional systems. Comparative 
transmitting results are so unbelievably 
good, on poor skip, that after you have a 
three-dimensional system working, you will 

february 1970 73 



be called a liar by those who never have 
tried one. When your DX contact is weak, 
all you have to ask is, "How does my sig-
nal strength compare with other American 
signals which you can hear now?" I sug-
gest that you keep your tape recorder handy. 

George A. H. Bonadio, W2WLR 

Dear HR: 
Bill Orr's otherwise complete article on 

fm in the September issue glossed over one 
interesting point. This "footnote" is an ef-
fort to set the record straight. 

Ham radio really missed the boat by not 
being the first service to pick up fm as an 
improvement over a-m. In the late 1930's, 
when fm was first suggested (magazines 
carried construction articles), putting an fm 
station on the air meant building a new kind 
of receiver (wide-band i-f, limiter and dis-
criminator) and using it on either 5 or 2-1/2 
meters. You can believe that no one was 
trampled in the rush, although a few brave 
souls did try it (and became believers). 

In the next go-round, narrow-band fm 
was permitted on the more popular hf bands, 
but as Bill mentioned, it was used predomi-
nantly by hams trying to avoid bci (that's 
"broadcast-receiver interference" to the tv 
generation). Bill says that ". . . fm languished 
in the amateur bands . . . (it) was obtained 
by the flood of surplus a-m gear that in-
vaded the market." That's just nice-guy 
Orr letting the hams off lightly. Look at the 
record. In the late 1940's every ham had an 
a-m receiver. To receive an fm signal he 
had to use slope detection (tune off to one 
side of the carrier frequency); you could 
copy an fm signal that way, but in doing 
so the fm signal took a 6-dB loss. 

"So what?" you ask. Well, if you were 
using a 100-watt fm transmitter, you started 
out by taking an immediate 6-dB back seat 
to every 100-watt a-m rig on the band. 
Quite an incentive to change from a-m to 
fm! 

Oh, but surely the hams realized that 
fm was better than a-m, for the reasons set 
forth in the technical articles of the time. 
Don't you believe it! Hams reasoned that 
their receivers told the true story, regard-
less of what the magazine articles said. 

They had observed a-m take out fm on their 
receivers; that was all the proof they needed. 

Some manufacturers made fm detector/ 
adapters that could be tied into an exist-
ing a-m receiver, to permit copy of an fm 
signal as it should be (and without the 
6-dB disadvantage). But why invest in a 
gadget when your trusty station receiver had 
already proved that the signal (fm) was an 
inferior type? And thus, in 1939 and again 
in 1947, amateur radio booted a golden 
opportunity to grow up. 

Then came ssb. On an a-m receiver it 
couldn't even be copied. But on a cw re-
ceiver (once you acquired the knack of 
tuning) sideband was loud and clear and 
had it all over a-m. And—here's the meat— 
every ham had an a-m/cw receiver. (How 
many—even now—have an a-m/fm receiver?) 
No ham had to buy anything to learn the 
superiority of sideband. Sure, he did have 
to learn how to use his receiver, but the 
little beauty was already paid for and all 
the owner needed was a few hits on the 
head and a little practice. 

So we hams missed the boat by not pick-
ing up fm immediately, but we didn't boot 
sideband because our receivers could han-
dle it. What do we do with the next great, 
or near-great, improvement that is offered 
to us? 

Glad you asked. Here are a couple of 
suggestions: 

1. Understand the new thing. If you don't, 
or think you can't, find someone you trust 
and ask him to explain it to you. But until 
you understand the new thing, don't form 
an opinion! (That 6-dB disadvantage of fm 
disappeared with a suitable receiver, as did 
the "horrible, impossible, incompatible splat-
ter of ssb.") 

2. Don't brag about how quick amateur 
radio is to pick up new technical improve-
ments. As Bill pointed out in his article, 
information on fm has been available since 
1935 or so. It is a fact that hams are be-
ginning to use fm at an increasing rate 
toward the end of the 1960's. This is 
alacrity? 

Byron Goodman, W1DX 
East Hartford, Connecticut 
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new linear amplifier 

Consct has just announced a new linear 
amplifier for the amateur high-frequency 
bands—the CSB-201 Mark IV. This new 
grounded-grid amplifier is capable of the 
maximum legal input of 2000 watts PEP on 
10, 15, 20, 40 and 80 meters and uses four 
husky carbon-anode 572B's along with a re-
liable solid-state full-wave bridge power 
supply. Both the high-voltage and bias sup-
plies are built into the unit. Also included in 
the package is a universal antenna change-
over relay that permits using the amplifier 
with either a transceiver, or with an inde-
pendent transmitter and receiver. The cool-
ing fan operates only while transmitting. 
$495 from your local dealer. Complete de-
scriptive information is available from Gon-
set Division, Aerotrori, Inc., P. O. Box 6527, 
Raleigh, North Carolina 27608. 

electronic keyer 

Curtis Electro Devices has announced a 
new IC electronic keyer that features dot 
memory and instant character start. Speed 
range is 3 to 50 wpm. In addition to pro-
viding perfectly formed and spaced char-
acters, the unit will provide semi-automatic 
operation with a straight key or "bug." Pow-
er supply, sidetone oscillator and speaker 
are built in. Sidetone pitch and volume 
controls are provided as well as momentary 
and locked "tune" switches. 

A jack is provided for an external manual 
stand-by key. Output keying is switch se-
lected for either solid state (—105V, 50 mA 
maximum) or read relay (optional). Cover is 
light blue wrinkle finish, with panels in dark 
green to match the popular Heath SB series. 
Other popular color combinations are avail-
able on special order for a slight additional 
cost. Complete, less paddle, $56.00; kit with 
assembled and tested card with connector, 
$25.00; relay option is $3.00 extra. Curtis 
Electro Devices, Box 4090, Mountain View, 
California 94040. 

worthington phasar-40 
antenna 

The new Worthington Phasar-40 is an 
electronically steerable directional vertical 
antenna array for 40 and 15 meters. The 
antenna system consists of two self-support-
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ing quarter-wave radiators spaced either 34 
or 68 feet. A remotely located control head 
allows selection of either a figure-eight or 
cardioid pattern. Rapid pattern switching 
allows the operator to null interfering ama-
teur and foreign broadcast signals. The 
Phasar-40 provides a low angle of radiation 
for enhanced DX work. Properly installed, 
with an external ground system, the Phasar-
40 will exhibit up to 4.5 dB over a single 
quarter-wave vertical, and up to 7 dB over 
a half-wave dipole. 

Because of the relatively small diameter 
of the tube used for the vertical elements, 
the Phasar-40 is virtually invisible when 
viewed from any distance. Strength has not 
been compromised, however, and the an-
tenna has been built to withstand 70 mph 
winds. $89.95 from Worthingham Electronics 
Company, P. O. Box 507, Warren, Michigan 
48090. 

rsgb vhf manual 

The Radio Society of Great Britain has 
published another excellent handbook for 
hams. It's the 245-page VHF-UHF Manual, 
written by G. R. Jessop, G6JP. 

Perhaps the best way to point out its use-
fulness is to discuss the material it contains: 

The first chapter is devoted to propaga-
tion, and should interest both the beginner 
and advanced vhf'er. 

The chapter on tuned circuits and filters 
includes both design tables and formulas, 
and tested designs that are ready to copy. 
Of particular interest is the information on 
quarter-wave helical filters, which are little 
known, yet offer many advantages. 

The chapter on receivers includes much 
general material, a complete hf/i-f receiver, 
an excellent discussion of noise, and many 
vacuum tube and semiconductor vhf/uhf 
converters and preamplifiers. One section 
of this chapter that will undoubtedly attract 
much attention is that devoted to tunnel 
diode amplifiers, including a practical 70-cm 
{432 MHz) preamp with a 3- to 4-dB noise 
figure. However, few would be likely to use 
one of these tricky beasts at 432 when 
easy-to-use fet circuits provide comparable 
performance. 

Two 23-cm (1296 MHz) converters—one 
using transistors—and a unique crystal-con-
trolled 13-cm (2304 MHz) converter are 
described. As is usually the case in RSGB 
publications, complete and detailed dia-
grams, layouts and tuning instructions make 
it easy to duplicate these converters. 

The chapter on transmitters is as com-
plete and interesting as that on receivers. 
Design information is provided on both 
tube and transistor equipment. Some de-
scriptions that especially caught my eye 
were a true cavity 70-cm amplifier using a 
4CX250, and simple 1/2-W, 2-meter and 
70-cm solid-state transmitters that could be 
duplicated inexpensively in a few hours. 
Other chapters cover ssb, antennas and test 
equipment. 

The fact that the book was written for 
English amateurs results in a few items of 
interest. The power limit is lower (150 W 
dc input), the popular band segments are 
slightly different (or in the case of 6 meters, 
quite different—they have 4 meters at 70 
MHz), and some of the terms and compo-
nents are unlike ours. However, these are 
minor and not liable to cause any prob-
lems. The RSGB VHF-UHF Manual, which is 
available for $3.75 postpaid from Communi-
cations Technology, Box 592, Amherst, New 
Hampshire 03031, belongs in the shack of 
every amateur interested in vhf and uhf. 
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hot-carrier diodes 
Motorola Semicontluclor recently an-

nounced a hot-carrier diode designed pri-
marily for uhf mixer and detector applica-
tions, but also suitable for fast switching cir-
cuits. The new hot-carrier diode, MBD101, is 
supplied in an inexpensive plastic package 
and sells for $.89 cents each in small quanti-
ties. The new MBD101 features low noise 
figure— 7 dB maximum at 1 GHz, as well as 
very low capacitance and high forward con-
ductance. This new diode should be very in-
teresting to amateurs who would like to try 
hot-carrier diodes but have been unable to 
obtain suitable devices. 

The Hewlett-Packard type 2800 hot-carrier 
diodes are now available for 90f each post-
paid from H A L Devices, Box 365, Urbana, 
Illinois 61801. These are the diodes used in 
the three hot-carrier diode projects in the 
October 1969 issue of ham radio. 

low-cost lasers 

If you're interested in trying your hand at 
laser communications, holography, interfer-
ometry or spectroscopy, suitable lasers are 
now available at very reasonable prices. The 
model 301 helium-neon gas laser from Quan-
tum Physics, Inc., for example, is available in 
kit form or fully assembled. This laser pro-
duces 1 mW of uniphase radiation in the 
red-orange portion of the optical spectrum. 
The model 301 features a long-life cold-
cathode plasma tube with an integral mirror 
mounter and integral power supply. 

While the 1mW output power is consid-
ered well below the safe range, this laser is 
not a toy, but a sophisticated instrument 
that is suitable for many laser experiments. 
Because the laser chassis and power supply 

are prefabricated, the kit, which includes a 
prealigned laser lube and all mounting 
hardware, can easily be assembled in a few 
hours. Complete kit is $170; professionally 
assembled, $225. Larger 3 mW and 10 mW 
gas lasers available. Quantum Physics, Inc., 
1295 Forgewood Avenue, Sunnyvale, Cali-
fornia 94086. 

Another entry into the low-cost laser mar-
ket is the 0.5 mW Metrologic model 310, 
which was designed with the experimenter 
in mind. The model 310 operates in the 
orange-red portion of the visible spectrum, 
and emits about 0.5mW with a mean diver-
gence of 0.5 milliradian. This instrument is 
ruggedly built and easy to take apart and 
reassemble. The price of the model 310 is 
$99.50. For more information, write to Met-
rologic Instruments, Inc., 140 Harding Ave-
nue, Bellmawr, New Jersey 08030. 

low-resistance 
measurements 

A new low-cost meter attachment capa-
ble of converting the Amphenol Millivolt 
Commander (and other 10-ohm cenlerscale 
meters) into a low-range ohmmeter has 
been announced. This new accessory is es-
pecially valuable for checking low value 
dropping resistors in solid-state supplies as 
well as for testing transformerless transis-
torized audio power amplifiers where the 
output resistance is typically in the 0.4- to 
0.6-ohm range. The current is limited to 
100 mA across 1 ohm, so the device under 
test is fully protected against accidental 
burnout. Price of the new Amphenol 870-3 
milliohm meter attachment is $14.95. For 
more information, write to Amphenol Dis-
tributor Division, 2875 S. 25th Avenue, 
Broadview, Illinois 60153. 
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a second look 
ai fisk 

If your main interest in ham radio is ex-
perimenting, you've probably tried all the 
published solid-state circuits plus some 
ideas of your own. Here are some sug-
gestions for the experimenter who's run 
out of new fields to conquer in semicon-
ductor applications. 

Of the many devices on the market, 
few offer more interesting possibilities 
than the photodetectors. These emit a 
current in response to photon impinge-
ment, and have a spectral response de-
termined by the energy band gap in their 
semiconductor material. Photodetectors 
with response in the infrared are espe-
cially interesting. In addition to their use 
as detectors in pulsed light-beam commu-
nications, they can be used in optical-el-
ectronic instruments for astronomy ex-
periments. 

Astronomers throughout the world are 
interested in obtaining data from ama-
teurs as well as professional observers. 
Here's an opportunity to contribute to 
science and broaden your technical back-
ground as well. 

Data is needed on the behavior of cer-
tain stars known to emit infrared radia-
tion. Some of these stars are surrounded 
by gas and dust clouds. Much of their 
energy is absorbed by the dust and rera-
diated at longer wavelengths. Measure-
ments at these wavelengths help clarify 
how the dust is distributed around the 
stars, thus providing clues as to their evo-
lution. 

A typical photometric system uses two 
in-line arrays of germanium bolometers 
with interference filters. To reduce noise 
equivalent power, detectors and filters 
are cryogenically cooled. Each detector 
looks at an optical telescope through a 
small-diameter focal-plane diaphragm. The 
filter for the first detector has a typical 

passband of 10-20 microns; that for the 
second detector has a passband of 25-50 
microns. A dual-beam chopper, also cry-
ogenically cooled, shifts the field of view 
of each detector through an arc equal to 
its angular diameter. A tracking system 
and finder telescope complete the assem-
bly. 

The system is aimed at an appropriate 
section of sky and locked onto a bright 
guide star offset from the infrared source, 
which may be invisible. Statistical fluc-
tuations of the infrared source are mea-
sured, and the data is recorded on mag-
netic tape for later playback through a 
printer. 

An elaborate setup such as this is be-
yond the means of most amateurs, but 
some interesting applications of semicon-
ductors are implied. Some examples: 

A photodetector array or photomulti-
plier could be placed at the focus of a tel-
escope of moderate aperture, and detec-
tor output could be stored in a digital re-
gister driven by an a/d convertor. The 
output could be stored on tape or drive a 
counter directly. You could also probab-
ly improve on the clock drive used in 
most amateur telescopes with a system 
using IC op amps. 

The rig would have to be used at the 
top of the highest mountain you could 
find because of atmospheric opacity at 
lower levels. Your first attempts might 
not yield much useful data, but don't be 
discouraged. Projects like this require 
much patience and equipment debugging. 
In any event, it's a pleasant way to spend 
a summer evening, especially if your best 
girl is along to help record data and main-
tain the log. 

Jim Fisk, W1DTY 
editor 
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a word from the publisher 

I am sure that by now you have no-
ticed that ham radio has a new look this 
month. Like many other publications 
both large and small we have gone to 
what is known as "cold composition". By 
doing this we are able to take advantage 
of many new innovations in the graphics 
arts field. 

As is usually the case with major 
changes, there are both advantages and 
shortcomings. One reader is sure to prefer 
our old type style, while another wil l 
think that our new one is an improve-
ment. We will have more freedom to t ry 
new ideas, but last minute changes are 
now more diff icult. 

Of course, as this is written, I have not 
seen the very issue that you are now look-
ing at. There may be parts which we will 
not like at first. You can be sure that we 
will be going over the results carefully to 
insure that we reach a new high in easy-
reading and attractive appearance. 

This issue also marks the first issue 
from our new printer: Wellesley Press. 
They have been chosen as experts in the 
periodical field. We felt they could add 
much to ham radio because of their great 
experience in the production of monthly 
magazines. Among the benefits should be 
more uniform quality and a great desire 
to give you, our readers, the magazine 
you want. 

You will see a slight change in size. 
This has been done to permit us to take 
maximum advantage of the best high-
speed printing equipment in use today. 
Our previous size was chosen because it 
was the same as QST. I t turned out that 
there was a tremendous penalty involved 
and many excellent printers were virtually 

uninterested in working with it. This new 
size is a modern industry standard and 
gives us a marked advantage in holding 
down costs both to you and our adver-
tisers. 

Ham radio is continuing to write one 
of the best success stories in the history 
of amateur radio publishing. 1969 saw 
our subscription list well more than 
double in size. This trend is continuing in 
1970. We are still quite a way from being 
the biggest, but ham radio is a lot closer 
in size to some of its competitors than 
they would care to admit. Considering 
that we are now only two years old it 
certainly would seem that the ideas on 
which we based have been well proven. 

another topic 
Our mailbox produced an interesting 

letter the other day which I thought a 
number of readers might like to share 
wi th us. I t was f rom Mr. J. Cooper, 
G3DPS, General Secretary of the Royal 
Signals Amateur Radio Society in England. 

This organization is now opening its 
membership to past and present members 
of the U.S. Army Signal Corps who have 
been attached to or worked in close 
liaison with Royal Signals. Many U.S. 
hams were sent to Britain during World 
War II and served in such a capacity. If 
you aro eligible, this might well be an in-
teresting chance to renew old friendships 
in other parts of the world. You can write 
to Mr. Cooper at the Royal Signals 
Amateur Radio Society, 15 Valley Road, 
Blandford Camp, Blanford Forum, Dorset, 
England. 

SkipTenney, W I N LB 
publisher 
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broadband 
double-balanced 
modulator 

Prac t i ca l 

con s t ruc t i on d e t a i l s 

of a h o t - c a r r i e r - d i o d e 

o u b l e - b a l a n c e d mixer 

that cover s the r a n g e 

f rom 2 0 0 k H z 

to 250 M H z 

Double-balanced ring modulators have 
been used since 1915, when they were 
developed by Bell Laboratories for carrier 
telephone systems. The earliest models 
were capable of good carrier suppression, 
but they suffered from high conversion 
losses because they used copper-oxide 
rectifiers. This, as well as excessive diode 
noise, limited their use to audio and 
low-frequency rf applications. With the 
improved semiconductor diodes that are 
available today, the double-balanced 
mixer circuit can be used in many 
communications applications that were 
formerly impossible; the home-built ver-
sion presented here provides outstanding 
performance from 200 kHz to over 250 
MHz. 

Although double-balanced ring modu-
lators require relatively high local-oscilla-

m tor injection power, have some conver-
sion loss, and must be followed by a 
low-noise amplifier, they have a number 

q q of operational advantages: 
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1. High port-to-port isolation (same as 
carrier suppression) 

2. Wide dynamic range (large signal-
handling capability) 

3. Low intermodulation and cross 
modulation 

4. Good noise figure 

o CO 

5. Reduction 
products 

of spurious mixing 
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It is also simple to build, easy to re-
produce, fairly inexpensive and has a 
wide variety of applications in the radio 
communications field, 

diode mixers 
The most simple diode mixer, of 

course, is the single diode type shown in 
fig. 1. This circuit is widely used in 
electronic equipment operating from 
audio through microwave — it's a good 
bet that you'l l f ind at least one circuit 
(ike this in the amateur radio gear in your 
shack. However, this simple circuit has 

LOCAL 
OSCILLATOR 

r h 
RF SIGNAL 

t * 
IF OUTPUT 

m 

fig. 1. Simple single-diode mixer lacks isolation 
between ports. 

offers higher efficiency and lower con-
version loss. 

theory of operation 
Consider the circuit of fig. 4 with the 

rf input disconnected; with only local 
oscillator injection, there is no i-f output. 
When point A is negative, current flows 
through T1, diodes D2 and D3, and 
transformer T2, as shown by the arrows. 
Since the currents on each side of the 
center tap are 180°out of phase, they 
cancel,and there is no output. When point 
A is positive, current flows through T1, 
diodes D1 and D4, and transformer T2, 
again with no output. 

If an rf signal is applied to T2, an 
output voltage appears across the i-f 
output terminals; the local-oscillator 
signal essentially switches the rf input 
voltage on and off. With high-conduct-
ance hot-carrier diodes, switching is 
nearly instantaneous and rectangular 
pulses controlled by rf signal amplitude 

one very serious disadvantage: poor port-
to-port isolation. 

The circuit of fig. 2 was developed to 
improve isolation. Since transformer T1 is 
electrically balanced (center tapped), the 
local oscillator signal is split into two 
equal, but out-of-phase signals in the 
secondary, and cannot be induced into 
the primary. In the circuit of fig. 3 the rf 
and local oscillator signals are isolated 
from the i-f output by virtue of the 
balanced secondary of transformer T2. 

Further performance improvements 
can be obtained by going to the circuit of 
fig. 4. This four-diode double-balanced 
ring mixer allows energy to be exchanged 
on a full-wave cycle rather than half 
cycles as in the previous circuits and 

*Available f rom any Hewlett-Packard sales 
office; consult the Ye l low Pages or wri te to 
Hewlett-Packard, 6 2 0 Page Mil l Road, Palo 
A l to , California 9 4 3 0 4 . The matched quad, 
H P A 5 0 8 2 - 2 8 0 5 is $ 4 . 4 0 . H P A 5 0 8 2 - 2 8 0 0 
($0 .99 each) may be used but the matched 
quad provides better port-to-port isolation. 
These diodes are also available f r o m H A L 
Devices, Box 3 6 5 , Urbana, Illinois 6 1 8 0 1 . 

I-F OUTPUT 

LOCAL r f ! 
f OSCILLATOR 

m 

fig. 2. The balanced transformer in this single-
balanced mixer effectively isolates the rf port 
f rom the rest of the circuit. 

appear across the i-f output port. 
With a properly designed and con-

structed double-balanced mixer, carrier 
suppression on the order of 40 dB is not 

l-F OUTPUT 

L0CM. 
> OSCILLATOR 

fig. 3. Basic double-balanced mixer circuit. 
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difficult to obtain. With this type of 
mixer, third-order distortion products are 
typically suppressed by 50 dB. Since the 
even harmonics are inherently suppressed 
by the double-balanced circuit, the only 
spurious signals that may give trouble are 
those created by odd-numbered har-
monics. 

mixer components 
The modern broadband balanced 

mixer is possible through the use of 
ferrite transformers and semiconductor 
diodes - diodes that exhibit high front-
to-back ratios and ultra-fast switching 
times. Great strides in ferrite device 
technology has provided materials that 
operate efficiently from dc to microwave. 
With the proper ferrite and suitable 
windings, transformers can be made that 
will act as nearly purely resistive trans-
formers over a wide range of fre-
quencies.1 ' 2 ' 3 ' 4 

Although nearly any high-conductance 
diode will give adequate performance in a 

fig. 4. Double-balanced ring mixer c ircuit im-
proves performance. Transformer construct ion 
is shown in fig. 6. Diodes are Hewlett-Packard 
2 8 0 0 series. 

diode ring, many characteristics of the 
hot-carrier diode make it the ideal choice. 
To achieve electrical balance in the mixer 
for example, the diodes in the ring should 
have closely matched transfer charac-
teristics — this is inherent in the fabrica-
tion of hot-carrier diodes. 

For lowest mixer conversion loss, the 
ring diodes should have no forward re-
sistance when conducting, and infinite 
resistance when turned off. The front-
to-back ratios of several different diodes 
are listed in table 1. For efficient opera-
tion on the very-high and microwave fre-
quencies, the mixer diodes should feature 
extremely fast switching speeds and con-

tribute very little noise to the circuit. 
These requirements are best met by hot-
carrier diodes. 

The hot-carrier diodes currently on the 
market consist of a rectifying metal-to-
semiconductor junction; n-type silicon in 
conjunct ion with evaporated gold, 
platinum, palladium or silver. In the 
hot-carrier diode, current conduction is 
based on majority carriers, and in normal 
operation the diode exhibits virtually no 
stored charge carriers. In practical terms 

SECONDARY 

O 

——o 
CENTER-TAP 

fig. 5. Schemat ic showing the connec-
tions of the trifi lar windings. 

this means that the reverse recovery time 
is very short: typically 100 picoseconds, 
more than four times faster than the 
fastest silicon junction diode. This results 
in more efficient signal rectification at 
vhf. 

The construction of the hot-carrier 
diode results in uniform contact potential 
and uniform current distribution through-
out the junction. In terms of operation, 
this means lower series resistance, lower 
contributed noise, higher power capa-
bility and greater resistance to transient 
pulse burnout. 

transformer construction 
The transformers used in the practical 

double-balanced mixer shown in the 
photographs are wound on Indiana 
General Cf102-Q1 ferrite cores. These 
cores are available from Newark Elec-
tronics*. Each transformer consists of 12 
trifilar turns of number 32 enameled 
wire; number 30 or 34 is also satisfactory. 
I experimented with a number af dif-
ferent cores and winding techniques to 
find a wideband design that could be 

*Newark Electronics Corporation, 500 N. 
Pulaski Road, Chicago, Il l inois 60624. Order 
catalogue number 59F1509, $1.20 each plus 
shipping. ($2.50 min imum mail order). 
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easily reproduced; the design described 
here performed the best. 

To obtain the desired wideband per-
formance, the coupling between windings 
must be as tight as possible. To obtain 
this, the three wires in each winding are 
twisted together: chuck two 2-foot 
lengths of number 32 wire into a hand 
drill (electrical drill if you're extremely 
careful); crank the drill until the wires 
have a reasonably tight twist. Then take 
this twisted pair and re-chuck it with the 

fig. 6. To ro id winding; wires are 
shown untwisted for clarity. 

third wire and repeat the twisting process 
until you have a tight trifilar length of 
wire. 

Each transformer consists of 12 turns 
of this trifilar wire on a CF102-Q1 ferrite 
core. A schematic of the complete trans-
former is shown in fig. 5; the pictorial 
diagram in fig. 6 should explain the 
windings more fully. The windings must 
be connected properly, or the finished 
double-balanced mixer will not work. 
This can be simplified if you use different 
colored wire for each winding. I've been 
able to find the wire in two colors and 
even this is a big help. 

Pick one set of wires for the primary. 
Wrap these two wires with a piece of tape 
to identify them and keep them out of 
your way. Vou should have four wires 
(two sets) left. Separate the two sets by 
checking for continuity with an ohm-
meter. Take one wire from one set and 
twist it together with one wire from the 

remaining set; this is the secondary center 
tap. The two remaining wires will be the 
two outer ends of the secondary. 

Now all the wire in the secondary will 
show continuity, and the two wires in the 
primary will be isolated from the 
secondary. The choice of wires for the 
primary and secondary is completely 
arbitrary - the only important thing to 
observe is the connection sequence. 

To obtain the same wideband per-
formance that I have achieved, the trans-
formers must be duplicated. If you want 
to experiment, you might try some of the 
small cores from Indiana General in Q1, 
Q2 or Q3 material, Q3 material, for 
example, will improve the high-frequency 
performance at the expense of operation 
on the low-frequency end. Powdered-iron 
toroids should not be used because they 
will not operate over a very broadband 
frequency range. 

construction details 

After the transformer windings have 
been selected you are all set to assemble 
the other parts of the cirucit. Here again I 
recommend following the layout I have 
developed; if at all possible, use the 
printed-circuit layout shown in fig. 7. If 
you use a different layout you won't 
duplicate my results. However, don't be 
afraid to try your own design — you may 
end up with better balance than I did. 
Just remember to use good vhf con-
struction techniques: short leads and 
short ground returns. 

The printed circuit is one area where 

table 1. Frorit-to-back ratio of various diodes. 

f o r w a r d reverse 
diode type resistance resistance ratio 

(ohms) (ohms) 

Copper oxide 400 350k 875 
Smal l - junct ion 

german ium ( 1 N 2 7 0 ) 5 500k 100k 
Point-contact ger-

m a n i u m ( 1 N 9 8 ) 200 1 M 5k 

Low-conductance 
si l icon ( 1N457 ) 50 2 4 0 0 M 4 8 M 

High-conductance 
si l icon ( 1 N 6 4 5 ) 2.5 1 2 0 0 M 4 8 0 M 

Hot-carrier 
( H P A 2800) 1.5 3 0 0 0 M 2 0 0 0 M 
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Fig. S. Conversion toss 
vs local oscillator power 
for this double-balanced 
mixer circuit. 

-4 -s o e 
LOCAL OSCILLATOR POWER 

commercial manufacturers of these 
mixers use a touch of magic to obtain 
optimum balance. By using the stray 
capacitances associated with the circuit 
board and the components, it is possible 
to obtain nearly perfect electrical sym-
metry. 

For proper operation, the completed 
mixer unit must be enclosed in a box that 
provides good rf shielding. In the unit 
shown in the photographs, I used a small 
cast-aluminum chassis manufactured by 
Pomona (model 2428). This enclosure 
sells for $1.50 at major electronics sup-
pliers. 

applications 
Probably the most important applica-

tion of the double-balanced mixer in 
amateur equipment is as a frequency 
mixer. To obtain optimum performance 
as a mixer, three factors must be con-
sidered: local-oscillator power, conversion 
loss and the need for low-noise amplifica-

Fig. 7. Printed-circuit board for 
the double-balanced mixer. 

tion of the i-f output. 
The graph of fig. 8 shows conversion 

loss versus local oscillator power for this 
double-balanced mixer. This curve is 
typical of all passive mixers and shows 
that conversion loss decreases with in-
creasing local-oscillator power up to ap-
proximately zero d B m (1 milliwatt or 
0.22 volts across 50 ohms). Beyond zero 
dBm more local-oscillator power does 
little for conversion loss, but note how 
fast conversion loss rises as local-oscillator 
power drops below zero dBm. 

Many active mixers work properly 
with as little as 0.1 mW {-10 dBm) of 
local oscillator injection, and are usually 
much more tolerant of variations in in-
jection level. The relatively high local-
oscillator power requirement of the 
double-balanced mixer is a disadvantage, 
particularly at uhf and microwave where 
it is harder to generate. 

Conversion loss can be analyzed by 
putting an attenuator in front of the stage 
that follows the i-f output port. As an 
example, consider that you're using this 
mixer as a 144-MHz down-converter to 
28 MHz, and you run the mixer's i-f 
output directly into the station receiver. 
Assume that the noise figure of the 
receiver is 10 dB at 28 MHz. Also assume 
that the mixer has a conversion loss of 7 
dB. 

The converter's noise figure is the 
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fig. 9. Typical conver-
sion loss for this double-
balanced mixer over the 
range from 100 kHz to 
400 MHz (local oscilla-
tor power +7 dBm, rf 
input - 5 dBm). lOMHr 

FREQUENCY (MHz) 

receiver's noise figure plus the conversion 
loss, or 17 dB. This represents the noise 
contribution from both the mixer and 
receiver and assumes that the mixer is 
tuned to reject the image frequency. If 
the rf port is not tuned to reject the 
image the noise power in the image can 
add an additional 3 dB of noise; the 
converter would end up with an effective 
noise figure of 20 dB. This borders on the 
ridiculous for vhf converter applications 
but if we analyze the problem further we 
can find solutions that wil l change the 
mixer into a very useful vhf device. 

To eliminate the images a filter is 
needed in the rf input. This can be a 
simple tuned circuit with a 50-ohm tap. 
The filter wil l eliminate noise contri-

bution from the image but adds insertion 
loss. This must be added to the mixer's 
conversion loss. It's obvious that the 
filtering must have the lowest possible 
insertion loss. This can be accomplished 
with a wide bandwidth filter (same as low 
loaded Q). A good rule of thumb is to 
choose a filter with a bandwidth one-
third the i-f output frequency. 

We must also reduce the noise figure 
of the i-f. This is most easily done by 
adding low-noise amplification ahead of 
the receiver. A properly designed ampli-
fier using transistors or fet's can yield 
noise figures as low as 1 dB at frequencies 
up to 60 MHz. 

Let's take a look at an application 
using an rf input filter which has an 

fig. 10. Mixer balance 
in terms of isolation 
from i-f port (rf f r e -
quency at 0 dBm, 
local oscillator at 
+5 dBm). lOOkHi IMHz IOMHI tOOMHz 

FREQUENCY (MHz! 

m arch 1970 0 13 



insertion loss of 0.2 dB and a low-noise 
amplifier ahead of the receiver which has 
a 2 dB noise figure. The mixer still has 7 
dB conversion loss. We must add this to 
the insertion loss of the filter for a total 
of 7.2 dB; this 7.2 dB is added to the 2 
dB noise figure of the f-f amplifier so the 
converter has an effective noise figure of 
9.2 dB. 

A front end with a 9.2 dB noise figure 
is useful for local ragchewing, fm repeater 
work and mobiling. For serious D X a 
low-noise preamplifier is required, but a 
9.2 dB IMF mixer can handle 1 milliwatt 
of signal before gain compression, cross 
modulation or intermodulation becomes 
a problem; only exotic active mixing 
schemes can accomplish this. 

When you use a preamplifier ahead of 
the double-balanced mixer to reduce 
noise figure remember that the amplifier 
must have sufficient gain to overcome the 
mixer noise figure before you can realize 
the lower noise figure of the preamplifier. 
It's a good rule of thumb to design the 
preamplifier with at least 10 dB more 
gain than the noise figure of the following 
stage. In our example this would require 

fm (ZOOiH! m 150 MHjI 

(l-F) 2 rm l<KOkHl TO XOMHl) 

ISO 

fig. 1 1 . The double-balanced mix-
er as a frequency doubler. 

19.2 dB preamplifier gain. Then the 
converter's noise figure would be set by 
the noise figure of the preamplifier. 

I 'd like to point out that the per-
formance graphs for this mixer (fig. 8 , 9 , 
and 10) compare closely with commer-
cially available designs, although some 
mixers in the $100 class have improved 

port-to-port isolation and conversion 
losses as low as 6 dB. 

I have discussed conversion loss of the 
d o u b l e - b a l a n c e d mixer, but have 
neglected noise figure. This is because the 
hot-carrier diodes contribute so little 
noise that it can't accurately be meas-
ured. Above about 1 G H 2 (1000 MHz) 
diode noise begins to become noticeable, 
and in the microwave region more exotic 
hot-carrier diodes are available that per-

fa • ;ioo 
(XXJIKr -HOMH,) 

t • .180 
'feaaiMi-esoMHil 

U-n DC MXTAGE 

FREQUENCY AT LO AND ft 
m 

fig. 12. Using the double-balanced mixer 

for a phase detector. 

form better than their more common 
silicon counterparts. 

If you are using a diode mixer on 1296 
M H z a properly selected hot-carrier 
device will offer a slight improvement in 
noise figure as compared to the old 
standby 1N21 series. Improved per-
formance is even more noticeable on 
2300 M H z and up, since the noise figure 
of hot-carrier diodes does not rise as fast 
with frequency as does the noise contri-
bution of conventional point-contact and 
p-n junction devices. 

In addition to its use as a simple 
frequency converter, the double balanced 
mixer is also useful for frequency 
doub l i n g , phase detection, current-
c o n t r o l l e d a t tenua t i on , amplitude 
modulat ion, product detection and 
balanced modulation as shown in figs. 11 
through 17. 

frequency doubler 
The double-balanced ring modulator 

can be used as a broadband frequency 
doubler by simply applying the rf signal 
to both the local-oscillator and rf ports as 
shown in fig. 11. Since the sum and 
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difference frequencies will appear across 
the i-f port, the i-f output will be twice 
the rf input (since the difference fre-
quency is zero). 

phase detector 
W h e n using the double-balanced 

modulator as a phase detector as shown 
in fig. 12 one rf signal is applied to the 
local-oscillator terminals while the other 
rf signal is connected to the rf port. The 
dc signal available across the i-f port is 

table 2. Current-l imiting resistance versus con-
trol voltage. 

ZOO kHz - 250MHz, SmW 

(2) MIXER 

ATTENUATED © 

CURRENT 
LIMITING 
RESISTOR 

WV O 
OC CONTROL SOURCE 

fig. 13. Current-controlled attenuator; 
performance is plotted in fig. 14. 

zero when the two input signals are 90° 
out of phase; the dc voltage at the i-f port 
is maximum when the phase difference 
between the two signals is either zero or 
180°. 

current-controlled attenuator 
If you want to use the double-

balanced mixer as a current-controlled 
attenuator, the rf input signal is con-
nected to the local-oscillator port as 

m i n i m u m 

voltage resistance 
(ohms) 

1 27 
5 150 

10 270 
50 1500 

100 2700 
500 15k 

shown in fig. 13. With no current input at 
the i-f port, the signal at the local 
oscillator port will appear greatly attenu-
ated at the rf port. A curve of attenuation 
versus control current is shown in fig. 14. 
When using the mixer as a current-
controlled attenuator, a current-limiting 
resistor should be connected in series 
with the i-f port to limit diode current to 
40 mA. Appropriate values of resistance 
versus applied voltage are shown in table 
2. 

If you refer to fig. 4 you can see that a 
dc control voltage across the i-f terminals 
will cause two of the diodes in the ring to 
conduct When sufficient dc current flows 
through the diodes they appear as very 
small resistors connecting the secondaries 
of T1 and T 2 together, and any signal at 
the local-oscillator port will appear at the 
rf port with little attenuation. Varying 
the control current changes the resistance 
of the diodes, and hence, the magnitude 
of the output voltage. 

fig. 14. At tenuat ion vs 
dc control current. 

tOOpA 

DC CONTROL 
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I 
fig. 15. Balanced modulator. 

balanced modulator 
To use this device as a balanced 

modulator, it is connected into the circuit 
as shown in fig. 15 with the rf signal 
(carrier) at the local-oscillator port, the 
modulating signal at the i-f port and the 
output signal across the rf port.The sig-

product detector 
This is simply a mixer that has its i-f 

output in the audio range. A suitable 
circuit is shown in fig. 17. The double-
balanced ring mixer is particularly useful 
in this application because of its very low 
intermodulation performance and large 
dynamic range. 

two-meter converter 

The two-meter converter shown in 
fig. 18 is based on the hot-carrier-diode 
double — balanced mixer shown earlier. 
This converter has all the design features 
that should be considered when using an 
hed mixer in the converter, including an 
input filter, low-noise i-f amplifier and a 
spectrally clean local oscillator. 

The two-meter converter shown in the 

t0 (CARRGRl 

SOOtHl-ZSOMHl, 5W 
<g> 

MIXER 

l0 MODULATED 

SOOtlll - 250MHI 
BfO OSOLLATOR 
INPUT AT SmW <§> 

I-F SIGNAL 
ZOOhHt - 25OMHt 
UP TO OdBm 

© 

CURRENT 
LIMITING 
RESISTOR 

W\ < DC CONTROL CURRENT 

fig. 16. Ampl itude modulator. 

nal across the rf port consists of the local 
oscillator plus and minus the modulating 
signal with the local-oscillator (carrier) 
greatly attenuated. 

amplitude modulator 
To obtain amplitude modulation from 

the double-balanced mixer, the opera-
tions as a balanced modulator and cur-
rent-controlled attenuator are combined 
as shown in fig. 16. A modulating signal 
containing both ac and dc components is 
applied to the i-f port. The ac com-
ponents will produce sidebands and the 
dc component will vary the amplitude of 
the carrier appearing at the rf port. For 
100 percent modulation the modulating 
signal should be about 200 mV rms and 
the dc control current should be approxi-
mately 4 mA. 

AUDIO OUTPUT 
-CMOOULATTNG SIONAL 

(SHt TO ZSOMHt) X 
fig. 17. Using the double-balanced mixer as a 
product detector. 

photo has a noise figure of 9 dB; and 
gain can be adjusted from zero to 20 dB. 
Main image rejection (84 to 88 MHz in 
this case) is 30 dB; all other images are 
down at least 60 dB. Local oscillator 
leakage at the input and output ports is 
500 microvolts. The gain compression 

Construction of the hot-carrier-diode double-
balanced mixer showing the circuit side of the 
printed-circuit board. 
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DOUBLE'BALANCED MIXER 

INPUT FILTER 

15 
144 MM 

L I , L2 Primary is 10 turns no. 24 on Micromet-
als* T30 -10 toroidal core; secondary is 4 turns 
no. 24 on cold end of primary 

L3 7 turns no. 26 on Micrometals T 3 0 - 2 2 core 
L4 24 turns no. 28 on Micrometals T30-6 core 
LS, L6 24 turns no. 28 on Micrometals T30 -6 core 

Secondary of L6 consists of 3 turns no. 28 

fig. 18. High-performance two-meter converter is based on the double-balanced mixer package. 

point the point where the output de-
parts from linear change relative to the in-
put change is 1 volt rms. 

In the converter shown in the photo, 
each of the main components was built 
into a separate chassis. This improves 
shielding between stages and facilitates 
experimentation with different converter 
configurations. 

The hot-carrier-diode double-balanced 

Two-meter converter using the double-balanced 
mixer. The mixer is on the rear of the chassis; 
in front of it, from left to right, are the low-
noise 30-MHz i-f amplifier, 116-MHz local oscil-
lator and 144-MHz input filter. 

mixer used in this converter has dramati-
cally demonstrated to me the ability of a 
passive mixer to offer high dynamic range 
and resistance to overload, desensitiza-
tion, cross modulation and intermodula-
tion, while providing a respectable and 
useable noise figure. 
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It's hard to "be loud" when your antenna 
is on a city lot. Power lines and apart-
ment buildings make it almost impossible 
to put up a full-sized antenna. It is 
possible, however, to reduce the length of 
a dipole by one-half using the folding 
technique. A shorter dipole combined 
with a folded dipole is an efficient two-
band antenna system that can be erected 
in a restricted space. Such an arrangement 
is also useful for portable or Field Day 
work. Versions of this system are dis-
cussed in this article. 

basic concepts 
Two dipoles may be connected in 

parallel at a current loop as shown in fig. 
1, provided an even-harmonic relationship 
exists between them. End separation of 
both antennas need be only a few inches. 
Although a small amount of detuning will 
exist, the usual formulas for dipole length 
apply. 

Various combinations are practical for 
two-band systems: 160/80, 80/40, 40/20, 
20/10, and so on. The 40/20-meter 
combination will work on 15 meters if 
the 40-meter antenna is operated on its 
third harmonic. An 80/20 or 80/10-
meter system can be built (using the 
even-harmonic rule) with a reasonably 
low standing wave ratio on the trans-
mission line. As with any system using an 
unbalanced transmission line feeding a 
balanced antenna, a balun should be used 
to preserve antenna pattern and to avoid 
feed problems.1 

folded half-wave radiator 

The length of this simple dual-band 
system can be reduced by folding the 
lower-frequency antenna back on itself. A 
three-wire antenna is shown in fig. 2. The 
feed point is connected to one of the 
outside pairs of wires and also to the 
inner pair. The two outside wires are 
jumpered at their far ends; they are the 
elements of the low-frequency dipole. 

Folding the antenna has a minimum 
effect on its resonant frequency. If you'd 
like to refine the resonant frequency 
adjustment, compensation may be made 
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in the manner shown in fig. 3. The 
low-frequency dipole should be trimmed 
for the low-frequency end of the band. 
The resonant frequency can then be 
raised by moving an adjustable jumper 
across the wires at the end. If the jumpers 
are adjusted in unison, resonant fre-
quency may be varied over several-
hundred kHz. 

The higher-frequency dipole (center 
wire) will be unaffected by this adjust-
ment. It may be adjusted by changing its 
length until resonance is achieved. 

system bandwidth 
The bandwidth of any antenna may be 

defined in terms of the allowable standing 
wave ratio on its transmission line. Beam 
antennas with close-spaced parasitic 
elements have very low radiation re-
sistance and limited bandwidth. If they 
are operated at an swr much higher than 
2:1, forward field and front-to-back ratio 
will deteriorate rapidly at frequencies 
only a few percent from resonance. 
Simple dipoles, on the other hand, can 
operate over a much wider frequency 
range. This is because there's no problem 
involving phase and reactance relation-
ships between elements as with parasitic 
beams. 

fig. 1. Basic dual-band antenna. Dipoles are par-
allel-connected; an even-harmonic relationship 
must exist between them. 

Equipment limitation is probably the 
most important factor that affects allow-
able transmission-line swr. Many com-
mercial amateur transmitters and trans-
ceivers have limitations of 2:1 for 
standing wave ratio to avoid ruining 
output-circuit components (usually a pi 
network). It is therefore prudent to 
operate such equipment into antenna 
transmission lines with an swr of 2:1 or 

less. Let's see how the dual-band radiator 
measures up to this criterion. 

height above ground 
Taking an swr of 2:1 as par, the plot 

of fig. 4 shows the swr of the dual-band 
dipole when operated at optimum height 
above ground. The data for these curves 
was taken at the end of a 100-foot length 
of 50-ohm coaxial cable. 

The 40-meter dipole has greater band-
width: more than 400 kHz, with an swr 
of 2:1 or less. The 80-meter folded 
dipole's bandwidth is about 75 kHz over 
the same swr range. This indicates that 
the 80-meter antenna height is more 
important, in terms of swr, than that of 
the 40-meter antenna. I raised and 

< g a D > 
BALUN 

^COA* FEE DUNE 

« Y HIGHER BAND —* 

fig. 2. Dual-band system using the folding 
technique. Center wire is the higher-frequency 
dipole; the two outer wires comprise the lower-
frequency dipole. Interaction is negligible. 

lowered my 40-meter antenna and ob-
served its swr across the band. It per-
formed satisfactorily at heights above 20 
feet or so, with a rather small change in 
swr. The swr reached a broad optimum at 
a height of 30 feet and again at 60 feet. 
Highest swr was at about 45 feet. 

The 80-meter antenna is a different 
breed of cat. Because of folding, the 
80-meter dipole's radiation resistance is 
lower. It's about 60 percent of the usual 
measured value at all heights above 
ground. The 80-meter antenna plot of fig. 
4 occurred at about 50 feet and remainea 
reasonably constant down to 40 feet. 
Below this height, minimum swr in-
creased rapidly, tending to decrease the 
over-all bandwidth. 

Accepting these facts of life, I finally 
mounted the antenna so that the flat top 
was about 45 feet high. The 40-meter-
band swr wasn't as good as shown in fig. 
4; however, it remained below 2:1 from 
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7.1 to 7.3 MHz It was still acceptable at 
7.0 MHz, as no equipment-loading 
problems were encountered at this fre-
quency. The 80-meter swr values were as 
shown in fig. 4. 

feed system 
The transmission line must be de-

coupled from the antenna to obtain 
lowest swr. Decoupling will keep the line 
from radiating. A sure way to create 
transmission-line problems is to attach an 
unbalanced coaxial line to a balanced 
antenna. The reason is that current flows 
down the outside of the line instead of 
being confined to the inner conductor. A 
balun placed at the dipole feed point will 
decouple the line's outer shield from 
antenna currents. The balun is shown in 
fig. 5. It's mounted directly at the center 
antenna insulator. 

balun construction 
The balun consists of three trifilar 

windings of no. 14 enamelled copper 

I LOW-&AND resonating JUMPER 

tNO INSULATOR 

fig. 3. End insulator and resonating jumper.Each 
side of the assembly should be of equal length; 
jumpers should be moved in unison. 

wire. Each winding consists of 8 turns. 
The coils are wound over a length of 
high-Q ferrite rod, 1/2-inch in diameter.* 
Nick the rod with a file around its 
circumference at the desired length, then 
break it with a sharp blow. Connect the 
ends of the windings as shown in fig. 5. 

Note that the coax shield is connected to 
the outer winding and also to the oppo-
site end of the center balanced winding. 

transmitter loading 

The RG-8/U feed line (or RG-58/U if 
power is below 250 watts PEP) should 
drop vertically as far as possible. The line 
then may be run horizontally when near 
ground level. Since a relatively high swr 
exists, it may be necessary to vary line 
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fig. 4. Standing wave ratio versus frequency for 
the compact dual-band dipole. Curves were op-
timized for antenna height. 

length to obtain optimum transmitter 
loading. This doesn't change the swr; it 
merely provides conditions for a better 
impedance match at the transmitter end 
of the line. Make a couple of ten-foot 
lengths of line with appropriate con-
nectors. Try inserting one or both 
sections into the main transmission line 
until the transmitter loads properly. If 
loading difficulty still persists, a longer 
line section may be necessary to obtain 
proper loading on both bands. Line 
length isn't nearly as critical as it may 
seem - I mention it only because loading 
difficulties might develop. 

dual-dipole construction 

Construction is simple. The end and 

fig. S. Balun for optimum perrormance. In-
ductances are wound over ferrite cores; see 
text. 

' Indiana General C F - 5 0 3 rod, available from 
Newark Electronics. Catalog part no. 59F-1521. 
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center insulators may be made of 
3/8-inch plywood squares about six 
inches long. For outdoor use the insula-
tors should be treated with spar varnish 
to make them waterproof.* Holes for the 
antenna wires should be about two inches 
apart. String the wires, then stretch the 
system between two supports about waist 
high. You'll notice that separators will be 
needed between the wires, spaced at 
about 5-foot intervals. You can make 
these from short pieces of plastic rod. 

fig. 6. C o m p a c t dual-band Marconi antenna. 
Ground system is important; a ground rod was 
used in addition to the radials, which can be or-
iented at random. 

Drill the separators to accept the wire, 
then thread the separators onto the wires. 
Secure the separators with small-diameter 
wire ties. 

The first antenna of this type that I 
built had untreated insulators and separa-
tors. They lasted about a year, then 
succumbed to a combination of weather 
and birds. This construction isn't recom-
mended except for temporary installa-
tions. 

Commercial versions of this compact 
antenna system are available. When used 
with a balun, performance will be as des-
cribed here. Again, I'd like to emphasize 
that this antenna, when operated without 

* Another 
time-honored method of waterproofing 
wooden insulators is to boil them in 
paraffin. A one-pound block of paraffin is 
less expensive than a quarter-pint of spar 
varnish. Editor. 

a balun, will lead to unusual or puzzling 
operating conditions. Play it safe and do 
the job right. 

Typical antenna dimensions ate given 
in table 1. 

dual-bank Marconi antenna 
The parallel-feed system may be 

adapted to Marconi antennas as well as to 
dipoles. With a Marconi, a ground system 
is required for proper operation (fig. 6). 
The random "water-pipe" ground is not 
recommended. Two or three radials 
should be used at the ground connection 
in a Marconi antenna installation. Two 
%-wavelength radials for each band will 
be adequate. The radials may be of 
insulated wire; they don't necessarily 
have to form the spokes of a wheel from 
the ground connection. They can be 
fastened to fences or any handy 
anchoring device. 

The Marconi is usually in the form of a 
base-supported whip. The easiest way to 
erect a Marconi antenna for two-band 
operation is to use a %-wave whip made 
of tubular material for the higher-
frequency band, which acts as a support 
for a folded-wire section cut for the 
lower-frequency band. Insulators such as 
those used for tv lead-in may be installed 
on the whip to support the folded-wire 
antenna The folded-wire antenna will 
require insulated spreaders, as discussed 
previously. 

Radiation resistance of the whip 
antenna is lower than that of the dipole 
system. However, height above ground 
has less effect on the whip's bandwidth. 
A typical 80/40-meter Marconi, for ex-
ample, has an swr of 2:1 or less across the 
40-meter band. An 80-meter system has a 
bandwidth of about 80kHz. 

An added benefit of the vertical Mar-
coni is a low radiation angle, which is 
good for DX work. Best results will be 
obtained only if a good radial system is 
used. 
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tunable peak-notch 
audio filter 

i 
Numerous filters have been described 

that provide selectivity at audio frequen-
cies. The usefulness of many such filters 

3 is somewhat limited for several reasons. 
S o l i d - s t a t e c i r cu i t s g Some provide only one function: either 

= peaking or notching. Others, such as the 
f e a t u r i n g the twin -T 5 Selectoject* provide both functions over 

a o 3 tunable audio-frequency range. However, 
these haven't been adapted to solid-state 

n e t w o r k - u s e f u l in |T circuits, nor have their RC networks been 
^ optimized for frequency selective peaking 

test e q u i p m e n t or for I; or n0tching, Still other designs have 
w appeared from time-to-time, but are 
•k rather complex and expensive because of i m p r o v i n g r e c e i v e r j the ^ ^ cascaded tuned cjrcujts re-

0 quired to obtain good selectivity charac-
s e l e c t i v i t y t teristics.2,3'4 

£ A tunable audio frequency peaking 
j: and notching (rejection) filter is one of 
w the most useful accessories you can have. 
X Besides providing effective audio selec-
J: tivity for ssb or cw reception, the audio 
° filter is a useful adjunct in conducting 
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harmonic- and mtermodulation-distortion 
measurements and in measuring fre-
quency in the af range.5 

The audio-frequency-selective network 
described in this article is not new, 
although it has been overlooked in recent 
years. What is new, however, is the 
manner in which the network is em-
ployed to provide a selectable frequeiicy-
peaking or frequency-notching function, 
tunable over a wide portion of the audio-
frequency spectrum, using only resistors 
and capacitors. The basic network is 
discussed as well as some practical circuits 
in which it can be used. Many other 
applications for the network will proba-
bly suggest themselves. 

basic network 
The basic frequency-selective network 

is shown in fig. 1A, Called a twin-T 
network, its theory is discussed in elec-
tronic texts, so I won't repeat it here. The 
network is equivalent to the Wien bridge. 
It passes all frequencies except one, 
where the relationship 

1 rejection frequency z. 
2RC 

is met. If the capacitor values are fixed 
and the resistors are variable, a tunable 
notch, or rejection, circuit results. By 
rearranging the network, a single-fre-
quency peaking circuit results (fig. 1B). 
Thus, with appropriate switching, a 
selectable notching or peaking filter can 
be designed. 

As mentioned before, the basic net-
work has been around for some time and 
has been used by amateurs with different 
degrees of success. Its unsuccessful use 
can be traced to several factors. First, the 
network can't be loaded on either its 
input or output; it must be used in 
high-impedance circuits. Secondly, the 
components (mainly the capacitors) must 
have low internal impedance and be 
closely matched. The usual assortment of 
capacitors in the junkbox simply will not 
work. Finally, to be truly tunable, all 
three resistor legs must be variable, not 
just two. 

circuit applications 
Fig. 2 shows the basic network, 

switchable for either peaking or notching, 
in a low-level transistor amplifier circuit. 
The amplifier can be used between the 
stages of another amplifier where audio 
selectivity is desired, or it can be used to 
drive a pair of high-impedance head-
phones directly from a receiver or test 
instrument. 

Network component values were 
chosen on the basis of being readily 
available in the correct ratios and pro-
viding a reasonably wide tuning range. 
Coverage is from about 300 to 10,000 

INPUT 
O— ne-

R 
- -Vv*v • 

OUTPUT 
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m 
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t>— -K-

R 
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<f>SL> 

OUTPUT 
O 

i 
fig. 1. Basic tw in -T no tch circuit, A . A n alter-
nate arrangement for peaking is s h o w n in B. 

Hz, which should satisfy most require-
ments. The frequency can be made lower 
by increasing both resistor and capacitor 
values. 

The impedance across the input tran-
sistor base-emitter junction isolates the 
network from loading effects. A feedback 
path is provided from the output stages 
to one leg of the filter. This raises the 
terminating resistance presented to the 
filter, which improves selectivity charac-
teristics. 

The selective network in a complete, 
self-contained audio unit using an IC is 
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shown in fig. 3. It can be plugged into the 
headphone jack on a piece of equipment. 
The input transformer's secondary -
winding impedance prevents network 

be required. 
The basic network can be used in 

other circuits as well. For example, in 
circuits employing fet's, these devices 

fig. 2. Var iable-frequency peak-notch filter with 
feedback, A , that can drive high- impedance head-
phones or an audio amplif ier. B shows potenti-
ometer and switch wiring. 

loading. Transformers with much low 
impedances should not be used. The 
audio amplifier was designed originally 
for use with a crystal phone pickup; thus 
it provides a high terminating impedance 
for the network. A 9-volt transistor 
battery can be used for power; however, 
if the unit is used at its maximum 1/2-watt 
power output for an extended period, 
a heavier-duty power supply would 

would provide the necessary high-
impedance termination. For those who 
like to experiment with IC operational 
amplifiers, the network can be used very 
effectively between the amplifier'9 output 
and inverting input, with the input signal 
only fed to the noninverting input. 

construction 
As mentioned previously, care must be 

used in choosing network components. A 
number of manufacturers produce multi-
section potentiometers. I used an IRC 
three-section pot with linear tapers. 
Capacitors were Sprague 10-percent 
tolerance tantalum,* Similar low-loss 
components may be used, of course. 

The photo shows how the circuit of 
fig. 2 is assembled in a small 2-inch-cube 
Sta-loc enclosure. This enclosure allows 
all six sides to be separated and is 
convenient for compact construction. A 
small minibox can also be used. The 
transistor circuit is assembled on the 

*Potentiometer is Allied stock no. 46F1892C. 
Specify 45D103, Md103, Md50218 for each 
section. Capacitors are Allied stock no. 
4 3 F 4 9 2 3 (0 .47 M'F) a n d 4 3 F 4 9 2 6 (0.1 .^F ) . 
Allied Radio, 100 N. Western Avenue, Chicago, 
I l l ino is 6 0 6 8 0 . 
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vector board mounted next to the poten-
tiometer. 

Power was taken from the unit with 
which the filter was used, but a slightly 

tuned circuits, etc. Peaking and notching 
response of the circuit of fig. 2 is de-
picted in fig. 4. Filter response is 
narrower as frequency setting increases. 

FERTIK 25-616 OR 
ARGONHE AR-I4I 

in 500k 

400 9 ohms 

fig. 3. Twin-T filter combined with an IC. Unit provides about V2 W output and can be plugged into 
the headphone jack on your receiver. 

larger enclosure would accommodate a 
9-volt transistor battery. 

summary 
This simple network can provide a 

remarkable degree of selectivity in cir-
cuits where a gradual frequency rolloff is 
acceptable. It doesn't require complex 
arrangements using toroids, multiple 

fig. 4. Typical response of the circuit in fig. 2. 
Response broadens somewhat at lower frequen-
cies and is narrower at higher-frequency settings. 

Despite the comments made earlier 
about not loading the network, you 
might want to try the basic network in a 
headphone circuit. I couldn't resist trying 
it with 400-ohm phones. Results were 
moderately successful but hardly equal to 
those using the transistor circuit. Al-
though using the network alone can't 
really be recommended, it does work to 
some degree and provides some selectivity 
as a passive circuit. 
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further 
automation 

for 

typewriter-type 

electronic keys 

Some time ago I developed an automatic 
typewriter-type keyer that features self-
completing characters, automatic charac-
ter spacing, wide speed range and includes 
special characters used by hams.* In re-
sponse to several queries the possibility of 
adding another bank of memory storage 
within the same keyer case was investiga-
ted; this would permit the operator to 
type ahead of the actual transmission—or 
to slow down momentarily while hunting 
for a key—and still produce faultless 
Morse code. 

With an added "buffer storage module" 
you type at the same average speed as the 
keyer (as normal), but if you hit two 
keys close together and a third much 
later, the keyer sends perfect code. 
The buffer storage results in several sub-
tle changes. In the basic keyer, for ex-
ample, a key is held down to repeat a 
character. With the buffer storage, you 
tap the key twice just as when using a 
typewriter to repeat a character. If you 
press a key before the logic circuits are 
ready for it, with or without the storage 
module, you cannot affect the stored 

•This keyer is marketed as the Pro-Key Kit and 
is available from Micro-Z Company, Box 2426 
Rolling Hills, California 90274 for $149.50 
postpaid. The buffer storage unit described in 
the article is available as a kit for $34.50 
additional. 

characters; simply hold the key down, 
and when the memory circuit is clear, 

§ the new character is stored automatically^ 
.2 and the key can be released. 
| With the added buffer storage, two 

it keys can be tapped rapidly and a third 
o key held down until the first character is 
j f complete, a fourth key held down until 
X the second character is complete, etc. 
g5 Your average typing speed is not in-

= creased, but you have a backlog of two 
c characters that gives you a much wider 
<e operational flexibility. CNJ 
<n basic keyer 
X 

The basic keyer consists of two circuit 
5; boards (matrix and logic board) and a 
j§ keyboard. The matrix board contains the 
g information on each character and mounts 

^ on the keyboard. The logic board stores 
n the information on the selected character, 
2 scans this storage at the selected speed, 

g provides the proper spacing between char-
Q- acters and contains the output relay and 
tr side-tone circuitry. A simplified block 
Si diagram of the basic keyer is shown in 
2 fig. 1 . 
£ Thirteen wires carry the information 
£ from the matrix board to the logic board -
j one trigger wire to signal the logic board 

that a key has been pressed and six pairs 
5 of dot/dash wires that carry character in-
oc formation. This permits the formation of 
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characters with up to six dot/dash com-
binations such asSK, period and question 
mark. If the "A" button is pressed, a posi-
tive voltage appears on the "dot" line of 
the first pair of wires, on the "dash" line 
of the second pair of wires, and on the 
"trigger" wire. 

The trigger signal starts the keyer clock 
and opens the insert gates momentarily to 
store the selected character in the main 
storage elements on the logic board. After 
the gates close, the stored character can-
not be disturbed. The logic circuits then 
scan the main storage to create the Morse 
character. If a new key is held down, the 
new character is automatically inserted 
only after the first character is complete 
and the proper spacing time has elapsed. 

buffer storage module 
The additional storage module is in-

serted between the keyboard and the 
main logic board (fig. 2). When a key is 
pressed, the trigger signal is differentia-
ted, stored in the module, and is used to 
open the module signal input gates so the 
selected character can enter the buffer 
memory. 

As soon as the selected character has 
been entered into secondary storage, the 
trigger memory is erased, and the input 
gates close. The presence of a stored 
character in the module generates a trig-
ger signal which is sent to the basic keyer. 
This starts the clock and inserts the char-
acter in the main storage, just as if the 
signals were coming directly from the 

the storage module (after a slight delay). 
The total process takes only a few micro-
seconds, and the storage module is ready 
to accept another character from the key-
board. Meanwhile, the logic in the basic 
keyer is leisurely scanning the main stor-
age to create the first character at the 
selected sending speed. 

Another key can be tapped immediately 
and the buffer storage process is repea-
ted. However, since the first character is 
still being transmitted, the second char-
acter remains in storage until the main 
storage in the basic keyer is ready to ac-
cept it. The presence of a stored signal 

LOGIC BOARD 

fig. 1. Block diagram of the basic pro-key type-
writer-type electronic keyer. 

\ 

Buffer storage module 

keyboard. The pulse that opens and closes 
the main insert gates on the basic keyer 
is used to clear the secondary storage in 

in buffer storage "locks out" — or in-
hibits — the storage module input gates 
so the second character cannot be dis-
turbed until it moves into main storage 
and the buffer storage is cleared. 

A third key can be pressed immediately 
after the second. When the keyer has 
completed the first character, the char-
acter in buffer storage automatically 
moves into main storage, and the buffer is 
cleared. The buffer storage will then ac-
cept the third character, the third key 
can be released, and the operator can 
move on to the fourth character while 

march 1970 27 



the second is being transmitted. 
A n entire CQ or D E is stored by simply 

tapping two keys, just as you would on a 
typewriter, and the Morse characters are 

des are raised above ground. This is ac-
complished by a positive trigger signal 
from the keyboard operating through 
the trigger storage flip-flop and inhibit 

fig. 2. B lock diagram of the keyer with the added buffer storage module. 

transmitted at the speed set by the opera-
tor. The operator can speed up or slow 
down his typing but the keyer transmits 
smooth, even code. This is particularly 
useful for hunt-and-peck typists who use 
a typewriter-type keyer at 20 to 25 wpm. 

circuit 
In the logic diagram of the buffer shown 

in fig. 3, only three of the twelve storage 
RS flip-flops are shown for simplicity. 
Keyboard signals set the proper storage 
flip-flops to provide a positive output 
only if the cathode ends of the gate dio-

gate to apply a positive signal to all gate 
diode cathodes. The first two storage 
flip-flops are sampled by a two-input 
N O R gate which resets the trigger flip-
flop and closes, or grounds, the input 
gate diodes through the inhibit gate when 
either of the two storage flip-flops have 
been set. The output of this N O R gate is 
stretched by the series 5k resistor and 
.01 ll F capacitor to give all of the appro-
priate storage flip-flops a chance to set 
before closing the input gates. 

If another key is pressed while the buf-
fer storage is full, the trigger flip-flop is 
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again "set" and tries to open the input 
gates, but the inhibit gate prevents this 
until the storage flip-flops are cleared by 
the main logic board. The NOR gate that 

fer. This provides the delay necessary to 
assure sufficient time to insert the stored 
signal in the keyer prior to clearing the 
buffer. 

12 SIGNAL LINES FROM KEYBOARD 

fig. 3. L o g i c diagram of the buffer storage unit. T h e author used eight Motorola M C 7 2 4 P quad t w o -
input gates in his model. 

detects the presence of a stored signal and adding more storage 
inhibits the opening of the input gates s i n c e t h e o u t p u t 0 f the buffer storage 
also supplies a positive trigger to the basic appears as a virtual keyboard, and is com-
keyer, just as if the signals in buffer stor- patible to input and output signal logic 
age were coming directly from the key- po|arity, buffer modules can be stacked 
board. With this logic, if a key is pressed t o p r o v i d e b a n k s o f f o u r f i v e ( six or more 
while the storage is empty, the character character storage. I have connected four 
will be inserted only once, and the key o f t h e s e t o g e ther to store any five-letter 
must be pressed again for a repeat. w o r d { s u c h a s m y ca|1) b u t t h e u t i l i t y i s 

When the main insert gates are opened, questionable since the first character is 
a positive pulse triggers a one-shot cir- generally complete by the time you are 
cuit. The negative-going trailing edge of typing the third or fourth character, ex-
the output pulse of this stage is inverted cept at very low code speeds, 
and used to reset all flip-flops in the buf- ham radio 
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photographs by Ted Stites 

homebrew 
five-band 

_ __ linear amplifier 

A c o n s e r v a t i v e l y 

d e s i g n e d c i r c u i t 

u s i n g t i m e - p r o v e n 

811 - A ' s 

It is customary to preface a construction 
article with a few remarks about why the 
author decided to build rather than buy 
the equipment described. In my case, 
there's only one reason why I build radio 
equipment: I enjoy it. 

I don't enjoy hole drilling or coil wind-
ing any more than an artist enjoys mixing 
paint or cleaning brushes. My satisfaction 
comes from creating something unique 
from my own mind and hands. 

I read the construction articles in ham 
radio and other magazines every month, 
but I've never built equipment that ex-
actly duplicates a published description. 

> What I look for is not something to copy, 
but rather the construction hints and 

5 ideas that I can adapt to my own require-
® ments. 

This article is presented in that spirit. 
You may not wish to copy this linear 

00 amplifier, but you could do worse. Per-
t haps you'll find something you can use 
X in your next construction project. 
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circuit description 
Parallel 811-A's are used in a grounded-

grid circuit (fig. 1). In terms of watts-per-
dollar of tube cost, the 811-A must head 
the list. Some hams complain of a short 
life for these tubes when operated at 
ICAS ratings as these are; however, I find 
it's easier to buy a couple of inexpensive 
tubes frequently rather than a single ex-
pensive tube occasionally. 

The cathode circuit has a matching net-
work to transform the 50-ohm input to 
approximately 150 ohms required by the 
tubes. A cathode matching network is of-
ten dispensed with, but it has its virtues. 
A 3:1 mismatch is frequently beyond the 
capability of some exciters. If the exciter 
doesn't have some power to spare, it may 
not be possible to drive the amplifier to 
full output without the network. With the 
matching network, the transmission line 
is "cold" and may be of any reasonable 
length. Some writers have reported that 
the matching network also improves am-
plifier linearity. Therefore, since it's sim-
ple and requires no tuning, it's cheap in-
surance. 

The network is an L configuration on 
80, 40 and 20 meters, changing to a pi 
network on 10 and 15 meters. The high 
effective cathode-to-ground capacitance, 
consisting of tube and wiring capacitance 

plus the distributed capacitance of the 
filament choke, precludes the use of an 
L network on the two higher frequency 
bands. The tapped 20-, 40- and 80-meter 
cathode inductance is in the circuit at all 
times. On 10 and 15, small self-support-
ing airwound coils are connected in par-
allel with it. This is merely a switching 
convenience. 

The plate tank coil is a roller-type in-
ductor for the low-frequency bands, with 
a series-connected small coil for 10 
meters. The variable inductor permits ad-

Deta i l o f the a m p l i f i e r tank c i r c u i t . T h e small 
c o i l in the b inding posts is the 10-meter in-
d u c t o r . 

C i r c u i t detai ls and c o m p o n e n t l a y o u t of input 
sect ion. A t t e n t i o n to detai l results in a profes-
sional appearance. 

justment for optimum Q on all frequen-
cies. 

The plate tank capacitor is from a BC-
375 tuning unit. Its original capacitance 
range was 23 to 140 pF. I wanted to re-
duce minimum tank capacitance on the 
high-frequency bands to lower the loaded 
Q and increase efficiency. I carefully 
split the stator with a fine saw. Only one 
of the sections is used on the high-fre-
quency bands, reducing the minimum 
tank capacitance by about 12 pF. This 
decreases the loaded Q on 10 meters from 
26 to 20, and on 15 meters from 19 to 
15. The photos show the switching ar-
rangements to cut in the second section. 
The contacts are from an old relay, and 
the solenoid is a 115 Vac unit I happened 
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to have in my junk box. The solenoid is 
controlled by a front-panel switch. 

The loading capacitor is a five-gang 
420-pF-per-section unit that came from 
an MN-26 radio compass. Two sections 
in parallel are used on the higher fre-
quencies; the remaining three are cut in 
by a relay controlled by the tank capaci-
tor switch. The capacitor is available from 
Barry Electronics. 

At 1500 volts, 811-A's require about 
4.5 volts bias, which is supplied by a 4.7-
volt zener in the filament return. This is 
less expensive and more reliable than a 
bias supply, and has a very low impe-
dance. A 100-volt zener is also in the fila-
ment return, with a small amount of dc 
current bled through it. This provides full 
cutoff bias. It can be cut out by a front 
panel switch, or by external relay con-
tacts. 

The plate-current meter is also in the 
filament return, but reads plate current 
only; not total cathode current. The 
grid-current meter is in the dc grid re-
turn. 

The high-voltage bleeder consists of 
four 150-k ohm 2-watt resistors in series, 
since it is not good practice to put more 
than about 500 volts across a single 2-
watt resistor. I like redundant bleeders; 
should the one in the power supply open, 
the one in the amplifier will discharge the 
filter capacitors in a few seconds. A neon 
lamp indicates high voltage on the ampli-
fier. 

construction 
The chassis is aluminum, 10 x 17 x 3 

inches. The 811-A's are mounted on a 
4 x 6x11/2-inch aluminum chassis upside 
down . I made these chassis sides and the 
meter shields from pieces bought in a 
scrap-metal yard. 

The cover shield is cane-pattern sheet 
aluminum from a "do-it-yourself" depart-
ment of a hardware store. This material 
is rather flimsy, so I stiffened it and im-
proved the rf shielding with V3 x 1/16-
inch aluminum strips on the outside. The 
'/a x Vi x 1/16-inch aluminum angle stock 
that holds the shield assembly was also 
obtained in the scrap-metal yard, but the 

same material is sold as trim in most 
hardware stores. 

wiring 
All power and control wiring should be 

installed first. Plan the wiring so that 
when the individual wires are joined into 
cables, the cables will run parallel to the 
main chassis dimensions. Strip each wire 
and tin it at both ends before placing it 
into the chassis. Leave a generous "service 
loop" when determining length; this 
makes parts replacement easy. 

Lacing the cables adds a lot to appear-
ance. Flat nylon ties are good. Start at 
the cable center and work toward the 
ends, bringing out individual wires as re-
quired. 

Conductors in low-level rf circuits con-
sist of bare tinned bus bar. Output cir-
cuits are brass or copper strip about 0.02-
inch thick. These strips should be se-
cured with screws and nuts rather than 
solder. For appearance, sand the strips 
and spray them with clear lacquer. 

the panel 
I prefer gray wrinkle to all other fin-

ishes. I purchase a blank panel with a 
black-wrinkle finish, complete all drilling, 
then spray it with "machine gray" lac-
quer. Several light coats are better than 
one heavy coat; the lacquer adheres bet-
ter, and there's less tendency for the 
lacquer to fill in the original black finish. 
This makes for color standardization, be-
cause no two gray-wrinkle panels are of 
the same hue, even from the same manu-
facturer's lot. 

Another finish, used on my amplifier, 
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50D/M 

BIAS SHORT 
L - ® - J 

- I5C0 VDC + 

B1 

C 1 8 A . B 

C 1 9 
K 1 
K 2 

L I 

L 2 

L3 

Coo l ing fan (Japanese i m p o r t ; 
see p h o t o ) 
Var iab le , 2 sec t ion , 65 p F per 
section, 0.07 = inch spacing 
5 sect ion, 4 2 0 p F per sect ion 

See tex t 
Relay, dps t , 10 A contac ts , 
117 Vac co i l 
7 = V2 t u rns 1 = Vz inch 
d iamete r , 2 inches long, tap-
p e d 3 rd and 5 th tu rns . 
A p p r o x i m a t e l y 4 . 5 u H t o t a l 
induc tance, t a p p e d at 2 .4 u H 
and 1.2 u H 
9 tu rns number 14, 5 /8 inch 
I D , a p p r o x i m a t e l y o.8 uH 
12 turns n u m b e r 14, 5 / 8 inch 
I D , a p p r o x i m a t e l y 1.0 u H 

L 4 . L 5 

L 6 

L 7 

R 2 . R 4 

RFC 1 .RFC2 

R F C 3 
R F C 4 
RFC5 

SW1 

SW2.SW4 
T 1 

3 turns number 14, 5 /8 inch 
I D , w o u n d a r o u n d R12 and 
R13 (see pho to ) 
8 turns 1/8 inch copper tub-
ing, 3 / 4 inch I D , 2 inches long 
I n d u c t o r , var iable, 18 uH 
m a x i m u m ( E . F . Johnson 
229-202) 
Ad jus t f o r co r rec t reading of 
M l and M 2 
4.7 u H pigta i l 

9 0 u H , 500 m A (B & W 
2.5 m H , pie w o u n d 
F i l amen t choke (B & W 
FC-15) 
2-gang ro ta r y , 2 poles, 5 posi-
t i o n 
Spst toggle swi tch 
F i lament t r ans fo rmer , 117 V 
pr i . , 6 .3 V 10 A sec., CT 
(T r iad F - 2 1 A ) 

fig. 1. Schematic of the 811-A grounded-grid linear amplifier. Matching section in cathode circuit 
provides a 3 :1 transformation ratio, assuring adequate drive from most exciters. 

requires nothing but a wire brush. Clamp 
the piece to a flat surface and make 
straight, even strokes with the brush. It 

produces a beautiful grained finish. 
Whatever finish you use, handle the 

pieces with cloth gloves - fingerprints 
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really stand out. Dust off the pieces and 
give them a couple of light coats of clear 
lacquer. Surfaces to be joined should be 
masked to obtain good electrical contact. 

accessories 
The fluted knobs and nickel-silver dial 

may look old fashioned, but I like them. 
They're still available commercially. The 
dial pointer was lost years ago, so I made 

decals 
You'll want to label your controls and 

other accessories. I prefer the water-type 
decals to the dry-transfer labels because 
mistakes are easier to correct. With the 
latter, you're committed to a position on 
the panel, and it's difficult to remove dry-
transfers without ruining the finish. After 
you've positioned the decals, spray them 
with clear lacquer. 

one from a scrap of plastic. The pinch 
"*r\s/e provides just enough drag to keep 
u... - ^oacitor from getting out of 
adjustment. 

The meters are su.,. "•--*>«:. Their 
sensitivity wasn't what I wanttu, *^is 
was corrected using standard techniques.1 

The roller-coil dial is homemade. I 
bought a 3-digit counter from a surplus 
dealer for a dollar. The miter gears were 
obtained from a standard right-angle drive. 
I cut the escutcheon from 1.8-inch-thick 
sheet aluminum. It's finished in black-
wrinkle lacquer. A possible source of 
wrinkle finishes in spray cans is your 
neighborhood Speed Shop; the hot-rod 
set seems to favor these finishes nowa-
days. 

a final word 
If this is one of your first major con-

struction projects, and you've made a few 
mistakes in mechanical work, all is not 
lost. Most goofs can be remedied. Extra 
holes can be occupied with screws and 
solder lugs, as if this is what you intended 
all along. Or you can strip the finish and 
fill the hole with auto-body solder, then 
refinish the panel. This takes a few hours 
of extra work, but it reflects your pride 
in a job well done. 

references 

1. "The Radio Amateur's Handbook," 46th 
edition, 1969, American Radio Relay League, 
p. 528. 
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a new approach to 
equipment rack 

construction 

I 
a> 

Equipment racks are a useful asset to 
almost any amateur station. Known also 
as "relay racks," they are available com-
mercially only in sizes for standard 

® 19-inch panels. This article describes a 
g simple, inexpensive approach to rack 

H e r e ' s q t> construction whereby racks can be built 
c to accept panels of any size. Material 

i . i o costs range from $4 to $8 per rack. 
l o w - c o s t rack 

"g design 

t h a t c a n b e o Commercially available racks consist 
^ of a metal frame with the front portion 

e a s i l y bu i l t "5 drilled and tapped to accept 10/32 screws 

^ T w o sizes of steel channel 
C tO aCCept 5 with spring-loaded nuts for 

a n y p a n e l w id th 

O mounting panels. 
QC 
CNJ | 
a> I 
3 
o 
cc 
—> 
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A 
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a 
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for panel mounting. The racks I've built 
consist of a wooden frame with two 
pieces of channel steel attached to the 
front for panel mounting. The channel 
steel, called WHIZ STRUT, comes com-
plete with spring-loaded nuts that may be 
inserted into the channel at any location 
where a panel is to be attached to the 
frame. The spring, attached to the nut, 
forces the nut against a flange on the 
channel, causing the nut to stay in place. 
The photo shows large and small sizes of 
strut with associated spring-loaded nuts. 
These nuts are for 10/32 screws; however, 
other sizes are available. 

a simple homemade rack 
A sketch with dimensions for con-

structing the rack shown in the photo is 
given in fig. 1. This rack is 58 inches high 
and accepts 19-inch panels. However, 
there's no reason why the width can't be 

fig. 1. Construction de-
tails for the homemade, 
lightweight relay rack. 

2>3>S»In ear to m 

mca J.l» 
nsrew stout to moo top * fOTTDU UTTM W »OOC JCHt W 

Homemade equipment rack with 19-inch panel 
spacing. Panels of any size can be accommo-
dated by varying width of channel supports. 

changed to accept panels longer or 
shorter than this. The cost of the rack in 
the illustrations was $5 for the struts and 
spring-loaded nuts, and about $2 for the 
lumber. 

Heavy equipment can be mounted 
easily in this rack by one person. The 
equipment is loosely fastened to the nuts 
while the equipment rests on the bottom 
of the rack. The equipment is then slid up 
the rack until it's in the proper position, 
where it will stay with little effort. Once 
in position, the equipment may be 
securely fastened. 

Struts and hardware may be obtained 
from the distributor, who will send you a 
price list upon request.* 

•Donald S. Tunnel, Box 331, Fort Washington, 
Pennsylvania 19034. Ask for amateur price 
sheet "A" . 
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solid-state 
radio 

direction finder 

Radio direction finding has come a long 
way since F. Braun did his "Research on 
a Method of Directive Wireless" early in 
1903. One of several early experimenters, 
Braun conducted his DF work with the 
German army balloon department. 

Much early DF work was confined to 
observing weather phenomena and ex-
perimenting with antenna directivity. The 
Russian scientist Popov, for example, was 
primarily interested in tracking thunder-
storms. By 1911, Italians Bellini and Tosi 
were experimenting with DF on ship-
board. Military requirements spurred DF 
development during World War I. 

From 1918 until the late 1940's, radio 
direction finding advanced with improve-
ments in receivers, antennas, and servo 
systems. Today, commercial DF is giving 
way to more advanced navigational aids 
such as satellite repeaters, Loran-C, 
Omega, Decca and inertial systems. Radio 
direction finding, however, is still im-
portant for navigation in small vessels and 
as a backup where long-range navigation 
systems don't provide coverage. 

This article describes a small DF 
adapter for communication receivers, 
using a simple diode detector and tran-
sistor audio amplifier. It's useful for 
locating radio interference sources, 
hidden transmitters in radio club con-
tests, or as an addition to your boat's 
communication equipment. 

df principles 
Radio direction finding is based on the 

CO 
CM o> 
N 
'E 

CO 
O 
0) s w 
CD 
c <u 
"S 
(0 

CD 

0) V 
L-

i/i 
c <15 
5 
O 

00 
CM 

H 
t— 

0) * 
E 
a C/3 

directional characteristics of antennas. 
The idealized pattern of a loop antenna is 
shown in fig. 1. Under ideal conditions, 
this pattern can be plotted by measuring 
the voltage at the antenna's terminals as it 
is rotated 360 degrees in the horizontal 
plane. A maximum voltage is obtained at 
the antenna terminals when the trans-
mitter is in line with the loop. 

The minimum voltage, or null, is ob-
tained when the loop is broadside to the 
transmitter. The nulls are of great im-
portance, as they provide the most sensi-

fig. 1. Idealized pattern of loop antenna. 
L ine A - A ' is in direction of transmitting 
station. 
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tive means of determining the signal path. 
You can see from fig. 1 that a peak or 

null can be obtained with a transmitter in 
either of two directions with respect to 
the loop. This is called the "180-degree 
ambiguity." 

In the early days of radio direction 
finding, the 180-degree ambiguity caused 
many accidents. A conventional DF 
antenna is shown in fig. 2. A separate 
vertical or "sense" antenna is used with 
the loop to resolve the 180-degree am-

fig. 2. Input circuit of direction finder. 
Sense antenna modifies loop pattern to 
that shown in fig. 3. 

m 

LOOP 
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SENSE ANTENNA 
(SHOUT) 

Fir STAGE 

3 
m 

MANUAL 
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biguity of the transmitter location. In 
practice, the operator adjusts the loop for 
minimum signal with the sense antenna 
disconnected. He then finds the sense, or 
general direction, of the transmitted 
signal by rotating the loop 90 degrees 
with the vertical antenna connected. If 
the addition of the vertical increases the 
signal in one direction, then minimum 
signal indicates that the transmitter is in 
the opposite direction. Adding the verti-
cal antenna changes the pattern of the 
basic loop to a cardioidifig. 3). 

The cardioid pattern is much too 
broad to give an accurate bearing. It is 
used only to sense the general direction 
of the transmitter. 

the goniometer 
An interesting variation of the DF 

loop is the Bellini-Tosi antenna shown in 
fig. 4. This consists of two fixed loops at 
right angles to each other. Loop outputs 
are coupled to two identical rf coils 
accurately mounted at right angles to 
each other. A secondary coil is free to 
rotate around the fixed coils, making a 
rotary transformer to couple the output 
to the receiver. The shaft of the 
secondary is attached to a calibrated 
dial.1 

The Bellini-Tosi system has several 
advantages such as convenient shipboard 
mounting (all rotating components can be 
below deck), and the ability to match a 
long transmission line. It can also be used 
at fixed locations, since the torque re-
quired to turn the shaft of the rotary 
transformer is within the capability of 
typical synchros. 

df adapter 
The ferrite loops used in transistor 

radios can be readily modified for DF 
work. A small DF adapter for use with a 

fig. 3. Cardioid pattern of loop caused by addi-
tion of vertical sense antenna. L o o p is rotated 
90 degrees to determine "sense", or general lo-
cation, of transmitted signal. 
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communications receiver is shown in the 
photo. Its schematic is shown in fig. 5. 
The crystal detector and transistor audio 
amplifier allow the adapter to be used 
without a receiver. It can be used to 
locate sources of interference or hidden 
transmitters in club activities. The signal 
must be either broadband noise or an a-m 
transmitter, since there's no provision for 
product detection. 

using a signal generator. The sense an-
tenna is a small transistor-radio whip. The 
loading coil was salvaged from a DAV 
antenna. The loading coil is peaked on 
the frequency to be tracked by tuning in 
the signal, depressing the sense button, 
and adjusting the tuning slug for maxi-
mum signal. 

I nexpensive British surplus head-
phones were used. These have a very low 

SENSE 
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LI 
38 - l75pH 

-â W-
I SENSE 1 

PRIMARY IS U TURNS NO 18 ON 
3/8" X 6" FERMTE LQOPSTtCK, 
SECONDARY IS 2 TURNS NO. IB 

IVF 

H e 
OOI 

{•) COMMUNICATIONS 
^ RECEIVER 

fig. 5. Direction finding adapter schematic. Sense antenna is a piece of vertical wire or small tubing 
3 - 4 feet long; loop is made from transistor radio ferrite loopstick. 

construction 
The adapter was built in a small 

aluminum box. Care was taken to shield 
the sense lead and the lead from the 
switch to the coaxial connector for the 
external receiver. The dial was calibrated 

fig. 4. System using the Bellini-Tosi goniometer 
principle. Loops are fixed; goniometer trans-
former is rotated to obtain bearing. 

impedance so the transformer is required. 
If you are using 2000-to 4000-ohm 
magnetic headphones, the transformer 
can be omitted. 

operation 
As you gain experience, you'll quickly 

learn the limitations of direction finders. 
There are two major problem areas: 
location problems and multipath signals 
due to propagation phenomena. Take 
bearings from high points in flat, un-
obstructed areas. Remember that bearings 
taken in or near buildings having a lot of 
metal will be inaccurate. Operation in 
dense foliage or rough terrain will also 
cause errors. The easiest way to deter-
mine if the bearing is wrong is to take 
bearings at frequent intervals. Then any 
odd bearing will be obvious. 

Night effect is quite pronounced in the 
2- to 8-MHz region. This is a propagation 
phenomena resulting in changes in the 
polarization of the sky wave signal. The 
symptoms can range from complete 
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D F adapter for use with communications receiv-
er or as a "walk-around" sensor. 

absence of a null to pronounced nulls as 
much as 90 degrees from the correct 
bearing. This effect is most pronounced 
at sunrise and sunset — periods that 
correspond to the most rapid changes in 
the height of the ionosphere. Fortun-
ately, the effects of the polarization 
changes are reduced the closer you are to 
the transmitter. In most transmitter hunts 
these aren't evident. If you have plenty of 
space, you can reduce the night effect by 
using a vertical antenna system such as 
the Adcock. 

Like most crafts, the best way to 
become proficient in direction finding Is 
to practice. How long has it been since 
your club had a hidden-transmitter hunt 
or tracked an irritating source of radio 
frequency interference? 

reference 

1. F. E. Termari, "Radio Engineers' Hand-
book," McGraw-Hill, New York. 
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Please rush me, without obligation, information on 
your all-new FCC Commercial License training. 

Name-

Address. 

City -Stale- -Zip-
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One reason for the limited amount of ac-
tivity on the uhf bands is lack of com-
mercially available equipment or proven 
designs for homebuilt projects. This ar-
ticle presents a grounded-grid power am-
plifier for 1296 MHz using two 3CX100 
A5/7289 planar triodes. Easy-to-work 
materials are featured, and very little 
soldering is required. Although material 
substitutions and modifications to the 
construction methods are feasible, we re-
commend that the amplifier be built ac-
cording to the directions given. This will 
ensure correct performance and a mini-
mum amount of debugging. 

The amplifier will deliver a minimum of 
100 watts into a 50-ohm load, at 50 per-
cent efficiency, with a power gain of 10 
dB. The circuit is similar to one described 
in reference 1. The difference is mainly 
in the placement of tubes in the cavity 
and in the cavity tuning circuit. The ini-
tial design, developed by W2CCY, was 
water cooled and very rugged. A later 
version, built by W2CQH, featured air 
cooling and simplified construction. Tests 
have shown that air cooling is adequate, 
but quieter operation is obtained with 
water cooling. 
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circuit description 
A conventional grounded-grid circuit is 

used, with bias provided by a zener diode 
in the cathode (fig. 1). A 27-volt, 10-watt 
zener is satisfactory for class-C amplifier 
operation. However, partial or full resis-
tor bias, which has the advantage of being 
fully adjustable could be used. The re-
sistance must be bypassed with a large 
capacitor for a-m operation. This arrange-

cavity, determine the approximate re-
sonant frequency. A sliding plunger al-
lows vernier tuning near 1296 MHz. 

A magnetically coupled link provides a 
wide range of output loading. The input 
circuit uses a low-inductance strap that 
ties the cathodes in parallel and extends 
as a short stripline, which resonates as a 
half-wave tank. Approximately one-quar-
ter wavelength of this tank is the internal 
cathode structure of the tubes. Capacitive 

Inside view of cathode cavity showing the panel-bushing tuning capacitor. Sponge rubber plenum 
is visible at the top. 

ment isn't recommended, because each 
time the amplifier is turned on it receives 
no bias initially. Thus, it will draw heavy 
anode current until the capacitor charges. 

The zener, on the other hand, provides 
immediate bias and also presents a low 
impedance at audio frequencies. Since 
grid current flows through the cathode-
bias circuit, a zener minimizesdrive power 
loss that would occur across a cathode 
resistor. Several zeners may be connected 
in series if a single unit isn't available. 

anode cavity 
The anode cavity is a loaded half-wave 

resonant circuit, which extends along the 
centerline through the tubes. Immovable 
brass bars, which form the sides of the 

tuning is provided at the other end of the 
tank. Input coupling is by means of a 
capacitive probe. Since the external con-
nections to cathodes and heaters are in a 
low-rf field, simple wirewound rf chokes 
can be used in the bias and heater lines. 

Metering is included in both anode and 
cathode leads to maintain the grid at 
earth potential. Both meters are necessary 
to determine grid current. Grid current 
is simply the difference between cathode 
and anode current. Grid current is £ sen-
sitive indicator of correct operation when 
adjusting tuning, loading, and drive for 
optimum efficiency. 

construction 
Both anode and cathode resonant cir-
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cuits are constructed of brass sheet and 
rod, which are available at most metal 
supply houses and some hobby stores. 
The brass rod used for cavity walls has 
uniform dimensions and a smooth finish, 
therefore no soldering is required at the 
joints. Instead, 4-40 or 6-32 machine 
screws on 3/4-inch centers provide suffi-
cient contact. 

Both the plate cavity top cover and by-

Fig. 2 shows the plate cavity interior 
and grid contacts, which are soldered in 
finger stock similar to the plate contact 
arrangement. The sidewalls of this cavity 
are constructed of 1/4-inch thick brass 
rods, which are 5/8-inch high. The tuning 
plunger is made of 1/4 x 1/2-inch brass 
rod, with finger stock soldered to the top 
and bottom edges. The plunger assembly 
is moved by a 1/4-inch-diameter threaded 

fig. 1. Schematic of the dual 3 C X 1 0 0 A 5 / 7 2 8 9 grounded-gr id ampl i f ie r for 1 2 9 6 M H z . Each R F C 
is 10 turns no. 2 2 solid copper wi re on a 1 /8 - inch d iameter f o r m . 

pass capacitor, fig. 3, are made of 1/16-
inch thick brass sheet Finger stock, which 
contacts the tube plate rings, is soldered 
to the edges of the 1.18-inch-diameter 
holes in the top bypass capacitor plate. 
To facilitate alignment, the tube may be 
inserted into the structure during the 
soldering operation if a large soldering 
iron is used. Care must be taken to pre-
vent solder f rom reaching the tube plate 
ring. The bypass capacitor plate is secured 
to the top cover wi th 8-32 Nylon screws. 
Teflon, 0.010 to 0.020 inch thick is used 
as the capacitor dielectric; although poly-
ethylene, Mylar or mica wi l l probably 
work as well. 

lead screw, which is turned by a knob on 
the front panel. 

The output coupling link is attached to 
a piece of homemade rigid coax (fig. 2), 
which comes through the center of the 
rear-cavity wall. The coax is retained by 
a shaft lock once the position for best 
loading is located. The rear wall should 
be temporarily clamped in place until 
cavity resonance is assured, then it may 
be permanently fastened to the top and 
bottom cavity plates with several small 
machine screws. Note that the ends of the 
tuning plunger and the rear wall do not 
contact the side walls at the corners of 
the cavity. Electrical contact is not nec-
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TEMPORARILY CLAMP TH IS -
WALL UNTIL RESONANCE 
IS FOUND. THEN SCREW 
TIGHT 

OUTPUT COAX 
.25 0 0 BRASS TUBING WITH 
RG-5U DIELECTRIC AND 
INNER CONDUCTOR 

.25 OR 38 

3.00 

.25 SHAFT LOCK-
(M ILLEN 10061 • 

fig. 2. Construction of the plate cavity. 

essary since essentially zero current is 
present in these regions. 

Fig. 4 shows the cathode enclosure, 
which has walls constructed of % x 1-inch 
brass rod stock. The stripline center con-
ductor, which contacts both cathodes, is 
made from 1/16-inch copper and is sup-
ported by a single Va-inch-long ceramic 
standoff located midway between the two 
tubes. A 1/16 x %-inch strip soldered to 
the strip line forms one end of the tuning 
capacitor. The adjustable plate of the 
cathode tuning capacitor is the end of a 
threaded 3/8-inch panel bushing soldered 
to a '^-inch-diameter brass rod, which is 
in turn coupled to a front-panel tuning 
knob via two universal joints. The small 
rf heater chokes are connected to the 
tube heater contact by small clips made 
of thin brass strip or pieces of finger stock 
material. The small spring strip is bent 

into a U shape and pressed into the heater 
contact. 

Fig. 5 shows a cross section of both 
cavities. Input coupling to the cathode 

This view of the anode cavity with the top wall 
removed shows the output link and finger-stock 
pluger. 
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cavity is provided by a probe that consists 
of a 5/16-inch-diameter brass disc sol-
dered to the end of a threaded BNC con-
nector. Not shown are several %-inch-
diameter holes in the side walls of both 
cavities to facilitate air cooling of grid 
and cathode seals. A bakelite air duct 
covers both tube anodes. The blower air 
plenum should be arranged so that air 
will pass through the duct and also 
through the holes in the cavities. Note 
particularly the bushing at the tube 
anodes, which limits the insertion of the 
tube into the cavities. The tube should 
seat as shown by fig. 5 to preserve cavity 
resonance. 

tune-up accessories 
Before applying power to the amplifier, 

you'll need a few simple accessories. 
Substitute an adjustable resistor of 

about 200 ohms for the zener. This wil l 
be used to adjust cathode bias during 
tune up. You'l l also need a 50-ohm 
dummy load and some kind of relative 
power indicator. If you don't have a 
50-ohm load for 1296 MHz, a very good 

substitute can be made from sections of 
coaxial cable. Fifty feet of RG-8/U fol-
lowed by 100 feet of RG-58/U will pro-
vide about 27 dB attenuation. This as-
sembly will simulate a matched 50-ohm 
load at 1296 MHz. 

A diode detector and voltmeter circuit, 
such as that shown in reference 2, can 
be used as a power output indicator. The 
indicator circuit should be loosely coup-
led to the end of the dummy load. It's 
not necessary to calibrate the rf voltmeter 
since an indication of relative power is 
sufficient for initial adjustment of the 
amplifier. The coax sections may be coiled 
and taped. 

Use only BNC and type N connectors. 
Don't use uhf connectors, as they will in-
troduce a mismatch into the load. 

tuning up 
With the blower running, dummy load 

and indicator connected, and no rf drive, 
apply about 500 Vdc to the amplifier 
anodes. Adjust the resistor for about 50 
mA of anode current. Next, apply about 
5 watts of drive power. Adjust cathode 

fig. 3. Layout of the plate cavity top cover and bypass capacitor. 
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tuning for maximum anode current. Input 
and output coupling may now be ad-
justed for maximum output consistent 
with minimum dc input power. Bear in 
mind that coupling adjustments will alter 
the resonance of the tuned circuits. There-
fore, both input and output circuits 
should be retuned only with optimum 
coupling. 

Under these conditions, output power 
will be about 100 watts minimum. 

preventing self-oscillation 
Unless a 50-ohm load remains on the 

output, the circuit may self-oscillate due 
to the high unloaded Q of the anode cir-
cuit. If an antenna switching device is to 
be used in which amplifier output is not 

- 50 DM 

fig. 4. Cathode cavity of the 1296-MHz amplifier. 

After the amplifier is optimized (40 to 
50 percent anode efficiency), replace the 
zener. Apply full anode voltage (1 kV) 
and check tuning and coupling for opti-
mum with about 10 watts of drive power. 
Grid current should be 50 mA if sufficient 
drive is available and all circuits are op-
timized. The tubes should not draw 
anode current when rf drive is removed. 

With 1 kV on the anodes, the amplifier 
should load to 200 mA (anode) and 250 
mA (cathode) with 10 watts of drive. 

terminated during receive periods, anode 
voltage should be removed before the 
antenna switch is operated. The anode 
voltage should be reconnected after the 
antenna has been switched to the ampli-
fier in a sequential manner. 

tube dissipation 
A quick check of the tube specif ications 

indicates that a single 3CX100A5 is cap-
able of 100 watts of anode dissipation, 
but our operating conditions call for 
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only half of this. We are being conserva-
tive for several reasons. The primary rea-
son is to obtain reliable, long-term life in 
view of the highcost of the tubes (approxi-
mately $20 each). Amplifiers of this de-
sign have been operated with anode vol-
tages up to 1.2 kV and output power up 
to 175 watts for short periods. Although 
rated anode dissipation is still not ex-

plifier, vent holes should be provided next 
to the grid ground plane. This allows 
forced air to be applied directly to the 
grid and cathode seals, which is highly 
desirable. 

heater power 
During operation we found that at 100 

watts output, full heater power could be 

(NATIONAL SB ) 

fig. 5. Cross section of the amplifier, showing the plate cavity, cathode cavity, plate bypass capa 
c itor and 3 C X 1 0 0 A 5 tube. 

ceeded, grid and cathode heating can be-
come severe should the amplifier be mis-
tuned, lightly loaded, or over-driven. 

We also found that, at the higher-
power operating conditions, heater power 
could be removed entirely as long as the 
amplifier was operated continuously. 
These results point out an interesting 
property of most uhf planar triodes; 
maximum output is not usually limited 
by anode dissipation but more often by 
grid dissipation, since it is more difficult 
to extract heat from the relatively frail 
grid structure. A close-fitting grid ring 
connection with as much thermal con-
ductivity as possible should be used. In 
addition, as we have done with this am-

maintained with no serious consequences. 
However, it's recommended that heaters 
be operated at 5.8 instead of 6.3 volts. 
This will maintain adequate cathode tem-
perature while minimizing back heating 
of the cathode during long standby per-
iods. A more sophisticated method might 
be to include a relay that switches heater 
voltage under control of cathode current. 
Thus, when no drive is present, and 
cathode current is zero, the full heater 
voltage could be applied. 

the dc blocking capacitor 
The plate dc blocking capacitor deserves 

special mention, since its design is not 
based on capacitance alone. This capaci-
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tor is considered as a flat parallel-plate 
transmission line. Its dimension in a radial 
direction from where dc blocking is de-
sired is adjusted for a quarter wavelength 
or less. Thus, the physical length of the 
capacitor is reduced by the inverse square 
root of the capacitor's dielectric constant. 

For example, Teflon has a dielectric 
constant, € , of about 2.1. The radial 
length, L, of a dc blocking capacitor is 
then 
L = A =9.14/4(2.1) 

4 \ / * 

= 1.6 inches or less for 1296 MHz 

Additionally, the parallel-plate trans-
mission line's characteristic impedance 
should be as low as possible. This is why 
a dielectric is used to load the line and 
to provide uniform close spacing. The 
reasoning is that, if the blocking capacitor 
looks like a quarter-wave section of trans-
mission line, the end outside the rf cavity 
will be open. It will then reflect a very 
low impedance back into the cavity where 
blocking is desired. 

You might ask the question as to how 
much rf voltage appears at the "hot" end 
of the quarter-wave section outside the 
cavity. This is simply the product of the 
rf current entering the line and the line's 
characteristic impedance, Z0 . 

Typically, ZD for a close-spaced parallel 
plate line with dielectric loading will be a 
few ohms. The current into the line is 
determined by where the line ends in the 
cavity. It is most desirable to place the 
dc blocking capacitor at a high field point 
where rf current is minimum. In most 
cases, this is impractical, and the block is 
placed where some current flows. How-
ever, even if the current is of the order of 
several amperes, the product of current 
and ZQ would still be about 10 volts, a 
not too objectionable level. This approach 
to dc blocking in uhf amplifiers is very 
practical for most applications. 

concluding remarks 

Note that very little soldering is re-
quired in assembling the cavity and en-
closures, except for securing finger stock. 
Tight joints where necessary and mechani-

cal stability are provided by the large 
area overlaps of the bar and sheet stock. 
This method of construction is less tedi-
ous but more costly. 

The glass-sealed 2C39 tube, which is 
more commonly available, has been tried 
in this circuit with inferior results. Gain, 
efficiency, and output power suffer by at 
least 3 dB, and no attempt should be 
made to obtain more than 50 watts out-
put with these tubes. A number of tubes 
failed because of punctures and cracks in 
the glass seal between grid and anode due 

Anode cavity top wall with the 
anode plate removed. The teflon 
dielectric for the blocking capacitor 
is at the top. 

to rf heating losses in the glass. 
For those who need a high-power tripler 

to operate from an existing 432-MHz 
transmitter, it is suggested that the same 
amplifier be modified in the cathode cir-
cuit to resonate at 432 MHz. This can be 
done in several ways. Perhaps the most 
simple way is to increase the stripline in-
ductance until resonance at 432 MHz is 
achieved. Output power of about 40 watts 
should be readily obtained at reduced 
efficiency. 

1. P. Laakmann, WB610M, "Cavity Amplifier 
for 1296 M H z , " QST, January, 1968, p. 17. 
2. The Radio Amateur's Handbook, A R R L 
Staff, 1969 edition, p. 547. 

ham radio 
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low-power 
solid-state 

transmitter 
for two meters 

I 
I wanted a portable 2-meter transmitter, 
so I built one described in another maga-
zine. I wasn't satisfied with its output nor 
with the critical tuning to obtain upward 
modulation, so I decided to "roll my 
own." The rig shown here is the result. 

It produces 250 mW output measured 
The wi l l a on a Bird wattmeter. Unfortunately, I 

<3 wasn't able to use inexpensive transistors 
4 ' ' * to i m p r o v i s e , g 

plus s a l v a g e d tv p a r t s , 
4) 

in all stages. After trying several types in 
the final amplifier, the only device that 
provided upward modulation was the 
2 N 3866. 

resu l ted in this I 
2 construction 

l ittle bomb ^ ^he Schematic is shown in fig. 1. I'd 
•g suggest staying away from PC boards on 
UJ this band. I built several 2-meter units 
g on PC boards, even on ground lines. 

A metal chassis is recommended for 
^ this rig. 
O I made the coils from old i-f trans-

formers salvaged from a tv' set. The 
^ transformer is the type whose slug has a 
^ hex slot (for a tuning tool) instead of a 

threaded brass screw. Most of the re-
w sistors and capacitors can be scrounged 
o from tv sets as well, 
g The slug for the doubler coil was 
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sawed in half to obtain sharper tuning. If 
the unit won't load into your antenna, 
add a 10-to 20-pF capacitor across C10. 

cooling 
Heat sinks are available most any-

where. Mine were scrounged from old 
IBM circuit boards. Wakefield fin types 
are fine. Mine is the slip-on type, which is 
held to the transistor with three set 
screws. I once blew the modulator tran-
sistors by using them without heat sinks. 
I replaced these with 2N1374's from 
some surplus boards from Radio Shack, 
and they work fine. 

grid dip oscillator. The output from the 
72-MHz stage and that from the doubler 
{145 MHz) was sufficient to peg the 
meter on my Millen gdo when in the 
diode position. 

A trick described in reference 1 is 
interesting. A resistor connected between 
B+ and Q3's base will change Q3's opera-
ting angle. For example, a 10K-ohm 
resistor will make Q3 operate at some-
thing less than class C, or close to class 
AB. I didn't find this necessary for proper 
operation of the transmitter, however, I 
mention it for those who might wish to 
experiment. 

+ I 2 V 

fig. 1. Schematic of the two-meter transmitter. 
A metal chassis is recommended, rather than a 
printed-circuit board, to avoid rf feedback pro-
blems. L I and L2 are modified tv i-f transform-
er coils. A a-m modulator should provide at 
least 125 mW of power to adequately modulate 
this little rig. 

the modulator 
A suitable modulator for this transmit-

ter is the Birnback modulator available 
from Round Hill Associates*. Other mod-
ulators that provide at least 125 mW of 
audio power can also be used. On a 6-
meter transmitter, I had a hard time keep-
ing rf out of the modulator. A clue to this 
was a low audio howl from the modulator 
output transformer, and the transistors 
ran very hot. Shielding, rf chokes, and 
bypass capacitors were required to tame 
the six-meter rig. 

adjustment 
Each stage should be checked with a 

* Round Hill Associates, 434 Avenue of the 
Americas, New York, New York 10011. 

L I 4 turns no. 20 bare tinned, spaced 1 wire 
diameter, tapped 3/4 turn from hot end 

L2 4 turns no. 20 bare tinned, spaced twice 
wire diameter. Collector tap I'/z turns from 
cold end; C8 tap 3/4 turn from top end 

L3 5 turns no. 18 bare tinned, Va-inch IO x 
9/16-inch long 

performance 
With the transmitter in the basement, 

and a type 49 lamp as a dummy load, I 
worked as far as two miles fairly well. A 
whip antenna increased reports. Audio 
reports were crisp and clear. 

One thing that might have caused the 
modulation problems with different 
final-amplifier transistors is that the 
modulator's 500-ohm output impedance 
is too high. But in homebrewing, you try 
to use what's available in your junk box. 

With the transistors shown in the 
schematic, all worked well. One thing 
that should be remembered: connect the 
power backwards, and goodbye tran-
sistors. 

ham radio 
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economical 
beam 

for 

ten meters 

Improv ing the 

" W o n d e r b a r " an tenna 

for effect ive 

DX work 

You've heard this old saw many times, 
but it bears repeating: without a beam 
antenna, it's futile to compete seriously 
for S/X. I was listening to everybody 
working all the goodies on ten meters 
recently and recalled the antenna I used 
in the mid-fifties during the last sunspot 
cycle peak. It was a simple piece of 
plumbing that allowed you to get on ten 
meters in a hurry. In its basic form, it's 
called a Wonderbar, or bow-tie antenna. 
Why not try it again, only this time crank 
some gain into it? 

For those who may have forgotten, or 
who have recently joined the ham frater-
nity, I'll describe the procedure I used to 
adapt the original design1 into an inex-
pensive beam for ten meters. 

u v> 
1 <0 
(0 
2 
xT (U O 
cc 
•u c re 

® c 

a. 
LL 

>> 
0) 
£ 
o 
< 

DC 

construction 
The main source of material was an old 

biconical tv antenna. My beam was mo-
deled after the original Wonderbar design 
using these materials and some hardware 
from my junkbox. The basic Wonderbar 
antenna that resulted in shown in fig. 1. 

I dismantled the tv antenna completely. 
I cut two 30-inch crossbars from the old 
elements. Each end of the crossbar was 
flattened and drilled to accept 3/16-inch 
machine screws (I used a 13/64-inch drill). 
Next, the crossbars were attached to the 
open ends of each of the two elements. 
This forms a couple of isosceles triangles, 
or wing-shaped elements. 

I used a handy piece of 3/4-inch pine 
board, 13-inches long by 10-inches wide, 
for the base. Any material can be used 
that's sufficiently rigid to hold the assem-
bly. Standoff insulators, female coax con-
nectors, and a length of 5/8-inch OD 
heavy-wall plastic tubing (for spacers) 
were produced from my junkbox. 

assembly 

Place the wing-shaped elements on the 
floor over the base. Space them about 
three inches apart Drill six 13/64-inch 
holes (fig. 1) through the elements and 
completely through the base. (This will 
ensure alignment during final assembly.) 
Mount the female coax receptacle as 
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shown near the top of the base. Place the 
standoff insulators and spacers as shown, 
and assemble them loosely with 3/16-inch 
machine screws. Don't tighten the screws 
on the standoff insulator where the coil 
will be attached. 

the loading coil 
If you don't have a B&W 3013 mini-

ductor handy, it's easy to wind your own 

1-3/4-inch form for the primary. This coil 
was removed from the form and slipped 
over the loading coil. 

Attach the loading coil to the elements 
by securing each lead to the screws at the 
apex of the V formed by each element. 
Place a solder lug between the head of 
the screw and the element. Now solder 
the primary coil leads to the coax con-
nector. Tighten all machine screws. 

fig. 1. Dimensions, A, and mounting details, B, of the wonderbar beam driven element. Mounting 
base is a simple pine board. 

coil. I used what was available: number 
16 insulated solid copper wire. Consider-
able latitude can be used here. Just make 
sure the coil is sufficiently rigid to be 
self supporting. I wound my loading coil 
around a 1-inch dowel, using 12 turns, 
close spaced. Then I removed the dowel 
and stretched the coil until it was about 
3 inches long. Next I wound 2 turns of 
number 12 solid copper wire around a 

mast mount 
Four holes are drilled to accept U bolts, 

which will secure the antenna to the mast. 
I used 5/16-inch holes, positioned over 
the centerline of the base. The first two 
were immediately below the coax con-
nector, and the second two were about 
one-half inch from the bottom of the 
base. Use your own ideas here to fit your 
available hardware. 
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preliminary tests 
I attached a ten-foot piece of 1-1/4-inch 

conduit to my antenna for initial tune-
up. I raised this assembly, with a piece of 
RG-8/U coax attached, in a vertical po-
sition and firmly lashed it to a picnic 
table. I found the best loading by tapping 
down on the loading coil; 10-1/2 turns 
seemed to be optimum. I made a perman-
ent connection at this point by soldering. 
The lowest standing wave ratio (about 
1.4:1) occurred at about 28.95 MHz. 

With 65 watts input, I made contacts 
with two W 0 stations, and got 5-9 plus 
reports. The next day, I worked a KV4 
and a couple of G's. This simple antenna 
did indeed put out a good signal. But I 
wanted it to put out a better signal, so I 
added a reflector. 

the wonderbar beam 
At this point you can enjoy this inex-

pensive antenna without further embel-
lishments. It will provide a good signal 
on ten meters, it doesn't cost much, and 
you'll work some DX. However, if you 
like to experiment a little, as I do, you'll 
want to improve its performance. A sim-
ple reflector placed behind the Wonder-
bar antenna will produce from 3 to 5 dB 
gain over a reference dipole. This will ef-

A 3L_ 

£ 

K3SUK 

" I ' l l go over in a couple of days and see how the 
beam held up..." 

fectively double your radiated power over 
the Wonderbar alone. 

Handbook data showed that the shortest 
spacing for a reflector to improve per-
formance was 0.15 wavelength (a little 
more than 4 feet on ten meters). This 
meant I could use the boom from the 
old tv antenna by merely adding a short 
extension. I decided to depart a bit from 
convention, for ease of assembly, and at-
tached the boom and reflector imme-
diately below the point where the Won-
derbar was attached. 

I made the boom extension about 5 
inches longer than required. Then I put a 
bend of approximately 110 degrees rad-
ius in the extension about 4 inches from 
the end. I drilled two holes through the 
shorter leg of the boom extension and 
through the mast. This made an easy 
means of attachment. You could use the 
more conventional method of attaching 
the driven element and reflector at oppo-
site ends of a one-piece boom. It would 
look prettier, perhaps, but wouldn't work 
any better. I wanted to use the materials 
on hand, so I used a short extension on 
the old tv boom. 

the reflector 

This element is simplicity itself. I cut 
my reflector from the remaining pieces of 
the old tv antenna tubing. It is 98 inches 
long (fig. 2). I used a pair of sheet metal 
cross braces I'd stripped previously from 
the tv antenna boom to attach the re-
flector. 

how far, wonderbar? 
That's it. A simple, low-cost beam an-

tenna made from materials on hand. The 
whole thing cost less than ten dollars. 
Results; I've worked fifteen different 
countries, many of them several times, 
including a ZS6. All this was done with a 
60-watt a-m transmitter and my Wonder-
bar beam only twenty feet above ground. 

references 
1. E.T. Bishop, K60FM, "The Wonderbar An-
tenna," QST, November, 1956. 
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Have you ever made changes to your 
144 or 432-MHz converter and tried to 
determine if the changes actually resulted 
in improved operation? Adjustments to 
converters on these bands can be dis-
concerting (and at times deceiving) with-
out a stable signal source. The variable-
output, crystal-controlled weak-signal 
generator described in this article allows 
immediate evaluation of converter adjust-
ments as the work progresses. The signal 
is variable in amplitude on both hands, 
from several microvolts to below noise 
level. Freguency can be varied over a 
range of about 6 kHz on the 432-MHz 
band. The signal source can be calibrated 
against a commercial signal generator if 
one is available, although this isn't ab-
solutely necessary. 

circuit description 

The schematic is shown in fig. 1. A 
crystal oscillator, operating at 48 MHz in 
the emitter-base circuit of transistor Q1, 
triples to 144 MHz in the collector 

>i r r i 1 i in i i < Ifi1i«H IJ.mii'i.LU 

c 
(U 
00 

in 0> 
CO 

Stable, small-signal source for receiver froni-ena 
adjustment. Close-spaced screws are necessary 
to avoid signal leakage. 
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circuit. A second stage, transistor Q2, 
triples to 432 MHz. The crystal holder 
should be grounded to obtain maximum 
tuning range of the crystal. The 52-ohm 
resistor in the attenuator should be non-
inductive. 

construction 
An LMB JB-880 or Bud CU-3006A 

Minibox may be used for a housing. 
These boxes have overlapping flanges that 

one edge bent for mounting to the top of 
the box with two 4-40 screws. The 
battery is held in place with a 1/2-inch 
aluminum strap fastened to the top of the 
box. 

the attenuator 
The attenuator (fig. 2) is made from 

two pieces of brass tubing. The BNC 
connector may be sweated or screwed 
into the end of the smaller section. The 

m 

fig. 1. Schematic of the 
1 4 4 / 4 3 2 - M H z signal 
source. Frequency is ad-
justable over about 6 k H z 
on 432 M H z by slug in 
L i . At tenuator pickup 
look is spaced equal dis-
tances between L 2 and 
l_3. SM indicates silver-
mica capacitor. 

L I 11 t u rns no. 26 9 / 1 6 " long, spacewound on 
3 / 1 6 " s lug- tuned co l l f o r m , tapped 2 t u r n s 
f r o m b o t t o m . 

L2 7 t u rns no. 26 3 / 8 " long, spacewound on 
3 / 1 6 " slug-tuned coI I form, t apped 3 t u rns 
f r o m b o t t o m . 

L 3 2V2 t u r n s no. 26 5 / 1 6 " long, spacewound 
on 3 / 1 6 " s lug- tuned co i l f o r m . 

permit self-tapping screws to be placed 
about an inch apart. This seals the unit so 
no leakage exists. 

The small subchassis is made from a 
3%- x 21/z-inch piece of aluminum with 

HOTS' 
ALL aurcflMU. (S 
( * M C R E * 3 W E MOMMAL. AOJUAR RO* SLIDING n r . 

fig. 2. Construction details for the attenuator. 
Soft brass is used throughout. 

-=- 9V (RCA VS 322} 

cost to have the attenuator made by a 
machinist shouldn't be excessive. 

Mount the attenuator on the side of 
the box so that the pickup loop is about 
the same distance from the 144- and 
432-MHz tuned circuits. Output wil l be 
the same when using the signal source on 
either frequency. 

tuneup and adjustment 
A vtvm with an rf probe should be 

used to peak the three tuned circuits. 
However, a grid-dip oscillator could be 
used. After the circuits are peaked, the 
frequency can be changed about 6 kHz 
on 432 MHz by adjusting the slug in L1. 
A receiver S-meter can also be used to 
peak the tuned circuits if the signal 
source is placed close enough to the 
converter or receiver front end. 

After alignment is complete and the 
unit is carefully sealed with the self-
tapping screws, practically no dr i f t wil l be 
noted. 

My thanks to W6PBC for the circuit 
design and to W6SPB for building the 
attenuator. 

ham radio 
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The HRftlfttRRLUND Manufacturing Company Incorporated 

20 BRIDGE AVE . RED BANK. N J 07701. CABLE EACORP Bf OBANK. N J.TEL ?01 84?.5700 A SUBSI DIARY OF ELECTRON IC ASSISTANCE CORPORATION 

Dear 0.M.: 

Every month we put our best foot forward and try our 
darndest to convince you to buy our p r o d u c t . I try to 
make our ads convincing in the hope you will rush to your 
favorite distributor to buy a Hammarlund p r o d u c t . 

You have seen Hammarlund ads these many m o n t h s . We 
are still building the radios you saw advertised on these 
pages during 1 9 6 9 . I honestly feel if you haven't used a 
Hammarlund receiver or linear in 1 9 6 9 , you owe it to your-
self to try o n e . I'll bet you know at least one ham buddy 
who has a Hammarlund radio in his s h a c k . And I know he'll 
be proud to show it off! 

Tell you what I'm gonna' do - if you take the time to 
make this "Instant Demo" and you believe as your friend 
and I do - and buy a new Hammarlund r a d i o , I'll send both 
of you a Hammarlund accessory of your choice - s p e a k e r , 
clock or crystal c a l i b r a t o r , 

I'll keep this offer alive for February and March to 
give you all a chance to really try it for y o u r s e l f . 

Drop me a note or stop in to see your distributor for 
more i n f o r m a t i o n . A list of Hammarlund distributors is 
available; upon your r e q u e s t , I'll send you the names of 
your local Hammarlund Authorized D i s t r i b u t o r . 

1970 

20 Bridge Avenue 
Red B a n k , N , J . 07701 
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When testing converters, i-f strips, and 
similar equipment, it's desirable to have a 
simple "tail end" that covers a fairly wide 
frequency range, includes a means for 
receiving ssb and cw signals, and has good 
sensitivity. Another handy piece of equip-
ment to have around your station is a 
general-purpose wideband amplifier. 
Presented here are some circuits I've 
found to be useful for experimental and 
general shop work. They're solid-state 
adaptations of proven, reliable circuits 
that have been around a long time. If 
you've never experimented with tran-
sistors, these projects will provide a good 
starting point to get acquainted with the 
fascinating world of solid-state devices. 
The circuits are simple, easy to build, and 
parts are quite inexpensive. 

regenerative detectors 
For occasional bench work, I had been 

using a little regenerative receiver that 
dates back to the days of the big Kurz-
Kasch dials. With only two tubes, it was 
completely adequate for the job. But one 
day I became annoyed at having to hook 
up both a vacuum-tube power supply and 
a solid-state supply. An era of profanity 
prevailed as I tried to get common tran-
sistors to perform as well as the old type 
75 tube. Finally, the circuit of fig. 1 was 
devised. Greatest gain occurs with fairly 
heavy drain current on Q1 (R3 almost 
zero). The source tap should be adjusted 
for the point nearest the ground end of 
the coil that will sustain oscillation. 
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The circuit of fig. 1 worked quite well. 
The original haywire breadboard setup 
picked up shortwave broadcast stations 
from all over the world on 32 meters. 

Next, I tried a version using the 
Colpitts feedback principle, fig. 2. I 
found that the antenna could be con-
nected to the source instead of the gate. 
This resulted in lighter coupling to the 
antenna with fewer dead spots as com-
pared to the Hartley circuit. I used a 
short length of RG-174 coax to feed the 
signal to the source. The coax capacity is 
in parallel with C8, which makes a con-
venient means of isolation. A n advantage 
of this circuit is that feedback can be 
adjusted by C7 to obtain optimum per-
formance. 

crystal-controlled detector 
Going one step further, a crystal was 

substituted for L1, and now we have a 
crystal-controlled detector (fig. 3). In this 
circuit, R10 provides a dc return for the 
gate. Don't try to use an rf choke here, 
because the detector will take off simul-
taneously at the crystal frequency and 
that formed by the rf choke in parallel 
with the capacitances in the gate circuit. I 
found that C8 will vary considerably due 
to circuit layout and gain of the fet. The 
best way to proceed is to set the feedback 
capacitor (C7) to its midpoint, then 
connect various values of mica capacitors 
at C8 to find one that just barely pro-
duces oscillation. C7 can then be adjusted 
to compensate for variations in antenna 
loading and supply voltage. 

Old timers familiar with the "blooper" 
regenerative detector will wonder yvhere 
the grid leak and its capacitor went. They 
aren't necessary; the circuits will oscillate 
vigorously without them. In fact, if one 
of the circuits is to be used as a "tail 
end" it should be packaged in a small 
minibox to minimize stray radiation. 

Somewhat more gain can be obtained 
from the circuit of fig. 4. The source bias 
circuit {C3, R1) should be retained. This 
contributes to smooth regeneration con-
trol. As with the old bloopers, the gate 
leak (R11) should have a high value for 
maximum sensitivity - 3 to 8 megohms. 

However, this may be at the expense of 
increased crankiness. In general, all three 
detectors seem to perform best with 
minimum capacity at C2. The antenna 
may also be fed at the tap on L1 in the 
circuit of fig. 4. 

oscillators 
The detector circuit may also be used 

as a general purpose oscillator. If you 
wish to use it as a crystal oscillator as in 
fig. 3, C8's value will largely determine 
frequency range. Appropriate values for 
08 in this case are: 

0.1 - 0 . 4 MHz, C8 = 0.005/uF 
0 . 4 - 4 . 0 MHz, C8 = 0.001 ̂ uF 
4 . 0 - 1 0 MHz, C 8 = 100 pF 

Oscillation occured at all three ranges 
with a 7-100 pF compression trimmer for 
C7. I found, however, that C7's value had 
to be increased to about 500 pF to obtain 
zero beat with WWV using certain 
100-kHz crystals. The waveform was not 
sinusoidal and had high harmonic con-
tent; output was 6 volts peak. 

variable-frequency oscillator 
The circuits of fig. 1 or fig. 2 may be 

used as a general-purpose vfo. However, 
I 'd recommend using a Vackar in prefer-
ence to these circuits. While acceptably 
stable, neither circuit will compare to a 
Vackar oscillator. I've used a vfo version 

fig. 1. Original Hartley circuit used to replace a 
two-tube "blooper" for bench work. With 
a Motorola MRF102 jfet, the set received short-
wave broadcast stations from all over the world 
on 31 meters. 
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of the detector circuit in an experimental 
receiver. While it was stable as a detector 
in a 1700 kHz i-f amplifier, its amplitude 
stability over a wide frequency range was 
far inferior to the Vackar. Both this 
circuit and the Vackar have the same 
general ratio of maximum-to-minimum 
frequency range, but I can't recommend 
this oscillator as being competitive with 
the Vackar. 

audio amplifier 
Detectors such as those shown can be 

improved with the addition of a high-gain 
audio amplifier. The amplifier shown in 
fig. 5 is very useful around this station. It 
has quite good frequency response. Fig. 6 
shows what can be obtained with in-
expensive epoxy-encapsulated silicon 
transistors. The amplifier will deliver a 
clean sine wave of 8 V p-p at frequencies 
from less than 10 Hz to at least 8 MHz. 

fig. 2. Regenerative detector using the Colpitts 
circuit. Antenna can be connected to transis-
tor's source, which results in fewer dead spots 
across the tuning range. 

This should be sufficient warning that 
decoupling the supply voltage may, in 
some cases, 6e necessary to prevent 
"motorboating" or other evidence of 
undesirable feedback. If you use a stiff, 
well-regulated power supply, or batteries, 
this shouldn't be much of a problem. 
However, if the power-supply impedance 
is too high, you will have problems (more 
of this later). 

amplifier applications 
I've built several of these amplifiers 

and have found many uses for them. For 
example, many excellent solid-state vfo's 

are limited to less than a volt output. This 
amplifier will boost the vfo output to 
several volts without additional tuned 
circuits. It will also make a good i-f 
amplifier. 

If you experiment with filters, your 
vtvm possibly won't have a range low 
enough to allow measurements below 
about 40 dB. One of these amplifiers, 
well shielded and battery operated, can 
extend the average vtvm's range to about 
1 mV full-scale. However, it's well to 
calibrate the amplifier to be certain of its 
gain linearity. The response isn't flat, but 
this wo n't matter if measurements cover a 
limited frequency range, such as that of 
an ssb filter, for example. 

Still another factor to consider is the 
amplifier's impedance. It won't compare 
to that of the usual vtvm. With a high 
beta transistor at Q2 in the amplifier, you 
can expect an input impedance of about 
10 ki lohms. Therefore, any high-
impedance circuit (1 megohm or more) 
will be loaded by this amplifier. However, 
it 's adequate for most solid—state 
measurements. 

If the amplifier is overdriven, it will 
clip, producing a pretty good square 
wave. If it's used as a vtvm amplifier, it 
should be checked on an oscilloscope. 
This will indicate the maximum voltage 
available to your vtvm before the ampli-
fier's waveform becomes degraded. Stay 
well within the maximum voltage range. 
Amplifiers I've built show that this vol-
tage remains pretty constant throughout 
the amplifier's range. If you have an 
inexpensive oscilloscope, you can find 

01 
MPFI02 

fig. 3. The Colpitts circuit with a crystal substi-
tuted for L I . Capacitor C8's value will vary, 
depending on circuit layout and transistor gain; 
use a value that just produces oscillation. 
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table 1. Parts list 
band amplifier. 

for the detectors and wide-

3-30 pF trimmer 
140 pF variable 
0.005-0.02 /uF disc ceramic or mica 
0.001-0.005 jjF disc ceramic or mica 
1-4 jjF 25 V electrolytic 
3-30 p F compression trimmer or APC 

variable 
200-1500 pF mica (depends on fet, 

and degree of coupling) 
33 jliF tantalum 
47 jjF tantalum 
0.005-0.05 ajF disc ceramic or paper 

tubular (see text) 
50-200 pF mica 
50 pF mica 
270-470 ohms Vz W 
1-1.5 kilohm V2 W 
2.5 kilohm 
10 kilohm VS> W 
1 kilohm 1/2 w 
100 ohms V2 w 
100 kilohm Va W 
350 ohm 1/2 W 
10-25 kilohms 
47 kllohms-1 megohm V2 W 
2.2-6.8 megohms Vz W 
1-4.7 kilohms Vz W 
5/8 inch diameter, 32 pitch Mini-

ductor 7/8 inch long, tapped 3 turns 
from ground end for 5-12 MHz 
range. (A 45 juH slug-tuned coil 
worked well in a 1700 kHz l-f strip.) 

2.5 mH rf choke 
MPF102 jfet 
100 MHz plastic encapsulated silicon 

transistors. Dc betas: Q2,200; Q3, 
100. 

this point at, say, 60 Hz; then if you 
don't go above 50 percent of the point 
where distortion occurs, you can pretty 
well depend on the amplifier's response 
over its range. 

amplifier construction 
Let's set up this little amplifier using 
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parts from your junk box. A complete list 
of parts for all the circuits described here 
is given in table 1. Because the amplifier 
is somewhat more critical as to transistor 
characteristics and resistor and capacitor 
values, I've included a discussion on how 
to grade your surplus devices and how to 
select resistors and capacitors to obtain 
optimum performance. The values in 
table 1 marked with an asterisk were 
those I used in the amplifier whose 
response is depicted in fig. 6. 

grading transistors 
Select only silicon transistors. With 

I 
0+9-I2V 

rn 

fig. 5. The detector circuits can be improved with 
with this wideband audio amplifier. Several ap-
plications of this basic circuit are discussed in the 
text. 

high-gain, high-frequency types available 
on the surplus market at prices around 
four for a dollar, it's pointless to use less 
expensive germanium units with their 
higher leakage. As a rule of thumb, select 
transistors with a gain-bandwidth 
product, fT at least ten times as high as 
the expected pass frequency. 

Illustrated in fig. 7 is a circuit for using 
your vtvm to measure transistor current 
gain. Although this reveals little of a 
transistor's high-frequency gain, it will 
give a good relative indication of which 
surplus device is hottest. A simple 
method of grading your surplus tran-
sistors is as follows. 

*Components used in an amplifier whose re-
sponse is shown in fig. 6. See text for deter-
mination of values. 
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1. Set the 1-megohm pot to maximum 
resistance. 

2. Set the switch to Ic. 
3. Close the battery switch. 
4. Set the 1-megohm pot to give a 

reading of 5 V dc on the vtvm. 
5. Set the switch to lb, 
6. Note the reading in dc volts. 

(Assume it is 0.5V.) 

resistor and capacitor values 
R5 is chosen to drop the collector 

voltage to about 50 percent with a chosen 
safe collector current. If the collector 
current is too low, gain will decrease. If 
it's too high, collector dissipation will be 
exceeded. A safe value for most surplus 
transistors is 5 mA. Using a 12-V power 
supply, we wish to drop about 6 V across 
R5: 

IkHz 10 kHz 100k Hz 

FREQUENCY (MHz) 

10MHz 

fig. 6. Voltage gain as a function of frequency 
for the wideband amplif ier. A pure sine wave of 
8 V p-p is produced over the entire range using 
inexpensive silicon transistors. 

7. Calculate the cd current gain: 

. _ - E _ 5.0 

l b 

R 

E 
R 

_ Ic 

= 0.005 A 
1000 

0 5 =0.00005 A 
10,000 

100 

Using this method, you can grade 
transistors with dc betas between 5-500 
with ease, which will give you a good idea 
of which transistor to use for Q2 in the 
amplifier. It reveals little about the tran-
sistor's ac characteristics, but it's a good 
starting point. Now select another tran-
sistor, which can have a lower beta, for 
Q3. We'll now "ballpark" the other 
component values. 

R E _ 6.0 
0.005 

1200 ohms 

Next, R8 is chosen to drop about 10 
percent of the power-supply voltage: 

R 1.2 
0.005 

= 250 ohms 

(270 ohms is adequate.) 
Now the base voltage of Q3 is deter-

mined. Since G3 is a silicon npn transistor, 
its base voltage will be about 0.5 to 0.7 V 
more positive than its emitter. From the 
above, we see that Q3's emitter is biased 
by R8 to about 1.2 V positive. Add the 
base-emitter voltage of Q3, and we find 
that Q3's base should be about +1.8 V. 

Transistor Q2 can operate at a lower 
current to save total power. Let's say 
we'll operate it at 1 mA. The lower end of 
R4 is connected to Q3's base. We know 
that Q3's base will be 1.8 V. The total 
voltage drop across R4 is then 12 V 
minus 1.8 V. Current is 1 mA plus Q3's 
small base current, which can be neg-
lected. R4's value then becomes 

R 10.2 V = 10.2 kilohm 
I 0.001 A 

A 10 kilohm resistor will be fine. 
R6 provides a small amount of de-

generative feedback. As its value is in-
creased, the amplifier's input impedance 
increases and frequency response im-
proves, but at a sacrifice in gain.Values 
between 100 and 330 ohms will be 
adequate for general use. 

C10 can have a capacitive reactance of 
about one-tenth the value of R8 at the 
lowest frequency of interest. R8 was 
determined to be 270 ohms. If response 
to 100 Hz is desired, a reactance chart 
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(see the A R R L handbook) will give a 
value that represents about 27 ohms at 
100 Hz; this will be about 60/uF. A 500 
/uF capacitor would be required to extend 
coverage to 10 Hz. 

Large values of electrolytics cease to 
be bypass capacitors at these frequencies, 
so to obtain good high-frequency re-
sponse it's advisable to parallel them with 
mica or disc ceramic capacitors. C9's 
reactance can be ten times as high as that 
of C10 in this circuit, so values of 5 fjf or 
higher will be adequate. 

selection by substitution 
R7 is best determined by experiment. 

After the entire circuit is wired except for 
R7, connect a 1 megohm potentiometer 
in place of R7. Connect your vtvm from 
Q3's collector to ground. Turn on the 
power, and adjust the pot so the voltage 
from Q3's collector to ground is about 6 
V. Turn off the power, and measure the 
pot resistance. Choose a resistor that 
measures the same, and substitute it for 
the pot. The resistor value doesn't have to 
be precisely correct. If this fixed resistor 
produces a collector voltage of 5 - 7 V, 
the amplifier will operate all right, but 
permissible signal-voltage swing before 
clipping will be reduced somewhat. 

When the amplifier is used following a 
regenerative detector, a volume control is 
desirable. A pot of 10 — 25 kilohms 
connected as shown (R9 in fig. 5) will be 
adequate. 

the importance of C11 

C11 is added to the amplifier to limit 
frequency response. When used with a 
regenerative detector, high-frequency hiss 
is annoying. A capacitor of 0.05 — 0.1 juF 
at C11 will do much to make listening 
more enjoyable. It will also make the 
amplifier more stable in this instance. 
Even though the regenerative detector 
uses an rf choke and capacitor to filter rf 
components, rf can still sneak through to 
cause overloading in the amplifier. CT1 
will eliminate this. 

Still another benefit of C11 is this: 
without C11, the turn-on surge of voltage 
from the detector drain is sufficient to 

cause momentary pumping in the audio 
amplifier. Voltages soar up and down 
drastically. In one such amplifier, high 
voltage was severe enough to zap Q2. 
With C11 in the circuit, these wild ex-
cursions are minimized. 

as a speech amplifier 
This little amplifier will also make an 

excellent speech amplifier for a high-
impedance microphone. Connect the hot 
lead from the microphone to Q2's base 

/» -=- 9V 

7 
£ 

fig. 7. Circuit for using your vtvm to grade sur-
plus transistors. It will give a good idea of which 
transistor is hottest. 

through a resistor of about 27 — 47 
kilohms. C11 is proportioned to serve as 
an rf filter; use about 0.01 - 0.005 uF. 

i-f amplifier application 
In i-f amplifier use, R5 can be replaced 

with a tuned circuit. If so, it would be 
well to decouple Q2. Add a 270 ohm 
resistor from the top of R5 to the top of 
R4. Connect an 0.01 uF capacitor from 
the junction of the 270 ohm resistor and 
R4 to ground. C9 and C10 can be much 
smaller than when used in an audio 
amplifier. At 455 kHz, C10 can be 0.01 
/uF, and C9 can be 0.001 JJF. These values 
will allow operation well into the mega-
hertz region. 

power-supply impedance 
This piece is written to encourage the 

vacuum-tube gang to experiment with 
solid-state circuits. An item I mentioned 
p r e v i o u s l y — power - supp l y im-

VTVM 
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pedance - is worth some discussion. 
With tube circuits, you may have seen 

many examples of what happens with 
poorly regulated power supplies. When 
you were servicing an ac-dc set, for 
instance, perhaps it broke into oscillation. 
Merely replacing the electrolytic in the 
power supply possibly solved the 
problem. 

As another example, you may have 
had a modulator with push-pull 807's. If 
this modulator were fed from a "limp" 
power supply that allowed screen voltage 
to drop as you hit the mike harder, you 
may have found that by regulating 
modulator screen voltage you apparently 
picked up a lot of modulator power. 
Many high-gain circuits have been cussed 
endlessly, when in reality the poorly 
regulated power supply was the real 
culprit. 

Poor regulation is even more critical in 
solid-state work. One simple solution is to 
use batteries. Fresh batteries do a very 
good job. Even better is a 12 V car 
battery. But the best solution is to build a 
properly regulated power supply for 
transistor work. 

Many people ask "What do you 
mean — power supply impedance?" 
Suppose you have a power supply that's 
supposed to deliver 100 V at 200 mA, 
Maybe it delivers 100 V with no load, but 
at 0.2 A load, it skids to 75 V output. 
This means you've lost 25 V at 0.2 A. It's 
the same as saying the power supply 
looks like a good 100-V job with a 
125-ohm resistor in series with the supply 
lead. What you want is, ideally, a power 
supply that will deliver the same voltage 
regardless of load — a "zero-ohm" power 
supply. You won't achieve this, but a 
properly built supply's impedance will be 
way down in the milliohm region. 

I can't stress too highly that if you're 
just starting out in solid-state work, a 
well-built, regulated power supply will be 
one of your best investments. With it you 
can build high-gain circuits with far less 
bugs than would be possible with the 
limp and soggy supplies being used by 
many amateurs. 

ham radio 

BOOKS! 
Radio Society of Great Britain 

VHF-UHF MANUAL — G. R. Jessop, G6JP 
Probably the most comprehensive work of its 
kind ever published. Covers everything f rom 
beginners to advanced material. Only $3.75 
AMATEUR RADIO TECHNIQUES — Second Edi-

tion — J. Pat Hawker, G3VA 
Brand new edition — completely revised. A very 
complete collection of short articles and ideas 
covering many aspects of amateur radio. In-
cludes new enlarged semiconductor section. 
160 pages. Only $2.50 
AMATEUR RADIO CIRCUITS BOOK 
Completely revised — new edition. A very handy 
collection of many useful circuits for amateur 
use. Loaded with good ideas for that new con-
verter, exciter or other project you are working 
on. Only $2.00 
RADIO DATA REFERENCE BOOK — Second 

Edition — By G. K. Jessop, G6JP 
Here in a 148 page book is one of the most 
complete compilat ions of radio and electronic 
charts, nomographs, formulas and design data 
available. Whether you design, build or operate, 
th is is a book you must have. Only $2.50 
WORLD AT THEIR FINGERTIPS — John Clarri-

coats, GGCL 
A very interesting history of the RSOB and of 
amateur radio in Great Britain. It gives a great 
insight into the development of our hobby. 
Paper back edition $2.50 Deluxe edition $6.50 

Other Important Volumes 
RADIO HANDBOOK — 18th Edition 
How to design, build and operate the latest 
types of amateur transmit ters, receivers, trans-
ceivers and amplif iers. Provides extensive, sim-
plif ied theory on practically every phase of 
radio. 848 pages Only $13.50 
ALL ABOUT CUBICAL QUAD ANTENNAS by 

W6SAI 
Construction and tuning data. Multi-band Quads. 
Charts, drawings and photos for your Quad. 
Full complete data on homemade Quad anten.-
nas. The new X-Q Quad. $3.95 
VHF HANDBOOK by Orr W6SAI & Johnson 

W6QKI 
First complete Handbook covering the VHF 
spectrum! Many VHF construct ion projects. 
Design and construction of VHF transmit ters, 
receivers and antennas! Make your VHF station 
work! $3.75 
THE CARE AND FEEDING OF POWER GRID 

TUBES by Robert Sutherland, W6UOV 
Just as the tit le says, a very complete rundown 
on the use of power tubes. Be sure to read 
this before you start work on your new linear. 

Only $3.95 
BEAM ANTENNA HANDBOOK by William Orr, 

W6SAI 
New edition. Theory, design, construction, and 
the installation of rotary beam antennas! SWR 
data! Multi-band beams, 40 meter beams, 20 
meter DX beams! How to make your beam 
work! 200 pages. $3.95 
NOVICE & TECHNICIAN HANDBOOK by W6SAI 

and W6TNS 
All about amateur radio in non-technical lan-
guage! How to learn the code. How to assem-
ble your ham station. Transmitters! Receivers! 
DX! How to get QSL cards. $2.95 
ELECTRONIC CONSTRUCTION HANDBOOK by 

Robert Lewis, W8MQU 
All about design - construction - layout and 
test ing of electronic equipment. Non-technical 
guide for kit-builders and your best key to 
better performance of your equipment! $2.95 

Postpaid in USA & Canada 

Box 592 Amherst, New Hampshire 03031 
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From what I hear, many amateurs con-
sider an oscillator the hardest kind of 
stage to repair. That's too bad, because 
ham rigs are full of them. Maybe oscilla-
tors seem tough because of their boot-
strap nature—making a signal out of what 
seems like nothing. 

" I f an oscillator quits," ask a good 
many hams, "just where do you begin 
looking for the fault?" 

Instead of giving a quick, simple answer, 
I'll first explain what an oscillator really 
is. That'll prepare you for the easy testing 
methods I use. The truth is, an oscillator 
shouldn't be hard to fix. 

the four needs 

Every oscillator has four requirements. 
Take away any one of them, and it just 
won't work. They're the key to an os-
cillator's operation—and also to its quit-
ting. 
1. An osc i l la tor needs amplification. 
That's why the stage has a tube, bipolar 
transistor or field-effect transistor. The 
reason for this need becomes clear as you 
understand the second requirement. 

2. An oscillator needs feedback. A small 
amount of signal from the output of the 
amplifier is fed back to the input. There, 
the tube or transistor amplifies it again. 
Then a sample of that output is again fed 
back. It's a sort of round-robin. Without 
this positive or regenerative feedback, the 
stage is only an amplifier. 
3. An oscillator needs dc power. The tube 
or transistor needs dc voltages. Further, 
no amplifier is 100 percent efficient, and 
some power is wasted keeping the signal 
going round-and-round. The plate or 
screen-supply line in tube oscillators, or 
the collector or drain supply in transistor 
oscillators, makes up for this wasted 
power. 
4. An oscillator needs frequency control. 
An oscillator is a signal-generating device. 
By its very nature, a signal has some fre-
quency. Inductor-capacitor circuits or 
crystals set frequency in rf oscillators, 
and RC time-constant circuits do it for 
audio oscillators. 

So there you have the four needs of any 
oscillator, no matter what its purpose. It 
is the method of developing these four 
requirements that distinguishes thevarious 
kinds of oscillators. Be assured, every 
oscillator has all four. 

some oscillators 
Just so you know what I'm talking 

about, here are a few oscillator stages. 
The four requirements are met in each 
one. 

The first is in fig. 1. One of the most 
simple and popular oscillators in ham gear 
is this crystal-controlled Colpitts. 

Amplification is by triode tube. It re-
ceives dc power through a resistor in the 
plate circuit. The cathode has a resistor 
that develops bias for the tube. 

Feedback is by a capacitive divider con-
nected between grid and ground. Notice 
that the plate is grounded for rf through 
C4. R1 is the load for the tube. Signal 
developed across R1 is divided up. Part 
goes to ground through 03, and a small 
amount goes to the grid through C2. The 
signal fed to the grid is amplified by the 
tube and developed across the cathode 
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foad, and the process starts over. This 
regenerative feedback produces oscilla-
tion in the stage. 

Frequency of the generated signal is 
controlled by the crystal from grid to 
ground. A crystal is common in commu-
nications rf oscillators, because of its ex-
treme accuracy. The stage in fig. 1 is 
called untuned because there is no LC 
circuit, but in reality it is tuned by the 

fig. 1. Colpitts oscillator is used often 
in amateur radio equipment; it is dis-
tinguished by capacitive-divider feed-
back. 

RZ 
68k 

_ 7D PRODUCT DETECTOR 
U OF RECEIVER 

Q m BALANCED MODULATOR 
OF TRANSMITTER 

crystal. Without the crystal, there would 
be a coil in its place, resonated by C1 and 
the series combination of C2-C3. C1 or 
the coil would probably be made variable 
for tuning. 

The Colpitts configuration could be 
used just as easily with a transistor. In 
that case, the collector would probably 
be the element receiving dc power; the 

base would be connected where the grid 
is; and the emitter would replace the ca-
thode. 

A fet could be used, too. Its drain 

would take the place of the plate, its gate 
the place of the grid, and its source the 
place of the cathode. A Colpitts stage 
using a fet can be exceptionally stable. 

One of the most popular crystal oscilla-
tors is the Pierce, and versions of it. Two 
of them are shown in fig. 2. The identi-
fying characteristic of the Pierce is the 
plate-to-grid connection of the crystal. 
In that position, it supplies two of the 
oscillator's needs: feedback and tuning. 

Dc power for the tube amplifier in 
fig. 2A comes through the plate load re-
sist or. The variable capacitor lets you 
warp the crystal slightly, to pinpoint its 
frequency precisely. The capacitive divi-
der in the output cuts down the amount 
of signal injected into the next stage; the 
vacuum-tube Pierce is a strong oscillator. 

The version in fig. 2B is an electron-
coupled Pierce, The screen grid (grid 2) 
of the tube is considered the oscillator 
plate. The crystal is thus connected from 
plate to grid in regular Pierce style. How-
ever, the generated signal is injected into 
the electron stream that goes to the plate, 
from which output is taken. The output 
load thus has little effect on oscillator 
frequency. 

From what's already been said, you can 
imagine a transistor Pierce circuit. With a 
fet, it would look like fig. 3A. The re-
semblance between it, the bipolar tran-
sistor version in fig. 3B, and the triode in 

fig. 2A makes it look as if you could just 
plug in a transistor in place ot the tube. 
With a fet, you can; just reduce the plate 
voltage to a drain voltage that is safe. For 

fig. 2. Pierce oscillators are characterized by a crystal between the plate and grid. 
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a bipolar, you must change resistor values, 
devise a base-bias system, as well as lower 
the supply voltage. 

Keep in mind that all the oscillators I've 
shown you have those four requisites; 
amplification, dc power, feedback, and 
frequency control. 

the dead oscillator 
What would lead you to suspect an os-

cillator of being dead in the first place? 
In a straight cw or a-m transmitter, that's 
pretty elementary. There just isn't any 
carrier when the oscillator quits. In an 
ssb transmitter, or in a receiver, the symp-
tom might not be that simple. It all de-

A receiver using triple conversion can 
have as many as five oscillators. The unit 
diagramed in fig. 4 is an example. The 
calibration oscillator and the second ver-
sion oscillator (feeding what's labeled the 
"first converter," but really is the second) 
are both crystal controlled. The third 
conversion oscillator is fixed in frequency; 
a stable Hartley stage is used. 

The receiver is tuned to the incoming 
signal by the first conversion oscillator 
(feeding the "mixer"). It's a high-fre-
quency variable oscillator that beats 
against the desired incoming sideband sig-
nal to form a sideband i-f at 3.035 MHz. 

And, finally, there's the bfo. It's usually 

fig. 3. Solid-state Pierce oscillators using a field-effect transistor. A, and npn bipolar, B. 

pends on which oscillator quits. 
In one ssb transmitter, there are four 

different oscillators. One is the carrier 
generator. Without it, no sidebands can 
be produced, so the transmitter has no 
output. Unfortunately, other problems 
can cause the same symptom, so lack of 
output in a sideband transmitter doesn't 
orove the carrier oscillator is dead. 

The other three transmitter oscillators 
are for heterodyning the sideband up to 
the transmitting frequency. Any one of 
them can block the sideband before it 
reaches the transmitter output stage. Us-
ually, the tuned circuits that follow the 
frequency converter or mixer stage eli-
minate any sidebands but those of the de-
sired frequency. Without correct oscilla-
tor injection, the mixer output can be 
nothing more than the sideband input 
from the preceding stages. Output is thus 
blocked. 

frequency-fixed in an ssb receiver. In a 
set that receives icw code transmissions, 
the bfo is generally variable over a small 
range so you can select the pitch of code 
signals you hear. 

If any of the three conversion oscillators 
goes dead, you simply can't get a signal 
through the receiver. If the calibration 
oscillator stops, the only sign of it is a 
lack of birdies when you're checking cali-
bration. 

The bfo is what furnishes the injection 
carrier that lets the product detector re-
cover the voice signals from the sideband. 
If it quits, you're likely to get a very weak 
and distorted sound from the phones or 
speaker. 

which one's dead? 
The nature of an oscillator makes it 

easy to test, if you have the right equip-
ment. I have a fet voltmeter, and I've 
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built a little probe that lets me measure 
rf. With it, I can find out if an oscillator 
is working just by touching the probe to 
its output. 

Usually, the oscillator side of the injec-
tion capacitor is the best place to start. 
If there's a healthy signal there, indicated 
by a dc reading on the voltmeter, move 
the probe to the other side of the capaci-
tor; it could be open you know. 

Back when tube-type oscillators were 
more common, one way of telling if an 
oscillator was running was with a plain 
dc voltmeter touched to the grid. A dead 
oscillator develops no grid current, so 
there's no dc bias voltage on the grid. If 

can be connected to your instrument. 
Don't try to use a scope rf probe; it's 
only a demodulator, and won't work. 

Then go through all your own trans-
mitter and receiver equipment. On the 
block diagram or schematic in the manual 
for each set, write down the rf voltage 
measured on your meter at the output of 
each oscillator. The dc reading you get is 
relative; that is, it doesn't mean there's 
really that many volts of rf. So you need 
to know what's a normal reading so you 
can later evaluate whether an oscillator 
is weak or stopped. 

Be sure you're measuring the right 
point in the stage. The output is connec-

fig. 4. T y p i c a l triple-conversation sgperhet uses five separate oscillators. 

the dc voltage is present, it's a sign the 
oscillator is running. 

This isn't much help with transistors. 
Oscillator stages may run with forward 
bias, reverse bias, or zero bias between 
base and emitter. It all depends on the 
particular circuit and the transistor type. 
Bias doesn't tell you whether the oscilla-
tor is running or not. 

So it's better that you get accustomed 
to checking for the presence of rf output 
from the oscillator. You'll not waste time 
trying to fix an oscillator stage that's 
working after all. 

For your particular vtvm or fet vm 
(a vom loads down oscillators too much), 
buy or build a simple diode probe that 
rectifies rf and converts it to pure dc. Be 
sure it has a blocking capacitor at the in-
put; a 470-uF 2500-volt type is good, if 
you build your own probe. Actually, the 
rf probe for almost any vtvm will do if it 

ted by a capacitor or a transformer to the 
stage that follows—a buffer amp, mixer, 
converter or frequency multiplier. 

inside the stage 
Once you've identified which oscillator 

is dead, your next job is to find what 
killed it. Here is a procedure that works 
well for me. 

Take the transistor oscillator in fig. 5 
as an example. It's an "inverted" version 
of a Hartley oscillator. Feedback to the 
base develops in the portion of the tap-
ped coil between collector and B-plus. 
With the base grounded and the emitter 
not, conditions are right for regenerative 
feedback. The coil and capacitors in the 
collector resonate; the coil is variable, 
because this is a tuning oscillator. 

Suppose you've checked at the emitter 
and found no rf. Start troubleshooting 
the stage by using your plain dc volt-
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meter. Measure the regulated B-plus 
source. Then check dc at the collector 
and at the base. 

A t the base, the measured value is im-
portant, so check it against what the 
schematic or the voltage chart in the 
manual says is right for the set. A t the 
collector, the value depends on too many 
things, particularly if there's a collector 
resistor. So just check to make sure the 
collector is getting voltage. 

If the transistor is wired so the emitter 
gets the supply voltage, the collector 
should have a dc ground connection—per-
haps through a transformer winding. 
Check that. Then make sure the emitter 
is getting the dc supply voltage it should. 

After you're sure dc power is reaching 
the stage, check the action of the ampli-
fier, One way to do this is to disable the 
feedback path and feed in a signal near 
the normal frequency of the oscillator. 

In the oscillator of fig. 5, for example, 
you could move the connection of C 3 t o 
the tap on the coil. Or, easier yet, just 
clip another .01-M F capacitor from the 
tap to ground. That destroys the feedback 
and leaves the stage operating as just an 
amplifier. Open C I and you can apply an 
rf signal to the base. Then, with your 
vtvm and probe, check for rf output 
across R3. It should be only a little less 
than the signal you feed in. It also should 
be tunable. That is, you should get a 
slight change in reading as you change 
the frequency of the signal generator or 
tune the coil in the collector circuit. 

In a stage like the one in fig. 1, you 
just disconnect the tap between capaci-
tors C2 and C3. Then a signal at about 
the frequency of the crystal, fed to the 
grid, should develop a signal in the cath-
ode circuit. In the stages of fig. 2, the 
crystal is the feedback device, so you just 
unplug (or disconnect) it. Then check 
amplifier operation of the tube. You can 
do this with virtually any oscillator stage. 

Next thing to check is the feedback 
system itself. One way is to keep feeding 
the test signal in and probe for feedback 
energy with your rf voltmeter. 

In fig. 1, with the tap disconnected, 
check for a small amount of signal energy 

at the junction of C2-C3. 
In fig. 2, leave only the plate end of the 

crystal connected. Probe at the other end 
of the crystal for signal energy. If you 
vary the generator frequency dial up and 
down, there should be a sharp resonant 
point at the crystal's frequency, revealed 
by a sudden sharp increase in the volt-
meter reading at resonance. 

In fig. 5, disconnect the supply end of 
the coil,and probe for signal energy. 

Finally, you should check the oscillator 
for frequency. Even if it's running, an 

fig. S. Unusual version of the Hartley oscil-
lator is inverted from the normal hookup. 

oscillator that's off frequency can't do 
what it's supposed to. If it's the carrier 
oscillator in an ssb unit, the generated 
sidebands that come out of the balanced 
modulator won't match the sideband fil-
ter. Or, an off-frequency bfo can't de-
modulate sidebands in the product detec-
tor. 

A bad crystal is usually the cause of an 
off-frequency oscillator. If you know the 
oscillator works, yet the receiver or trans-
mitter acts as though it doesn't, try a new 
crystal. If the stage is controlled by tuned 
circuits or a resistor-capacitor combina-
tion, check them. 

You can check frequency of an oscilla-
tor with a frequency meter or with an 
accurate all-wave receiver set for cw re-
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ception. In the latter case, a whistle or 
birdie shows up at the dial setting that 
indicates the oscillator frequency. The 
only trouble is, sometimes even slight 
crystal drift can stop operation of a set, 
and an all-wave receiver may not be accu-
rate enough to spot the drift. 

That sums up the way to check an os-
cillator. Actually, most troubles boil down 
to dc power or feedback. That's because 
you probably check the tube or transistor 
right off the bat. Anyway, if you check 
those four things in an oscillator, you'll 
always find the trouble without replacing 
whole strings of parts. 

next month 
Some time ago, I promised to show you 

how to use a sweep generator on your re-
pair bench. In the meantime, I've found 
out that some hams don't even know 
what a sweep generator is. 

So. . .the time has come to learn. The 
instrument is versatile, and has many 
uses. I'll show you some of them. 

One last thing: if there's some odd cir-
cuit or set you'd like explained, drop me 
a line and I'll see if we can't work it in 
some month. After all, the purpose of 
this department is to help you keep your 
equipment working in top order. Tell us 
what help you need most. 

ham radio 

" T h e rig here is the latest in solid-state minia-
turization except the final •• and I 'm working 
on that." 

TRANSISTORIZED 
DIGITAL KEYER 

• 2 to 60 WPM in 3 overlaping ranges 
• Dot-Dash ratio always 1:3 
• Key closure immediately starts output 
• Fast, quiet, sealed reed-relay output 
• Floating contacts, rated .5 amp DC 
• Auto or semi-automatic operation 
• Sidetone with 2 " speaker 
• Self-contained AC power supply 
• Custom packaging 6.5 x 3.5 H x 6 D 
• Send for free brochure 
• $74.95 PPD U.S. and Canada 

MODE 7 PRODUCTS BOX 460 
NORCO, CALIF. 91760 

NEED CRYSTALS? 
4 8 H r . 
DELIVERY 

We can supply crystals 
from 2KHz to 80 MHz in 
many types of holders. 

S P E C I A L S 
Color TV C)Mjl <3570 5<S5KHr> wire Iridi 
lOOKHi Irrq «d tr>iul (HC1J/U) 
10D0 KM: Irrq sld trylUI IHCb/lll 
Any CB crystal TR or REC, 
Any amateur band cryvl.il (rrcrpl BO mum) 

in FT-2-13 holders 
Any marine frequency (MC6/UI 
80 meter — FT-243 holders 

4 lor $5 0 0 $1 60 
1.50 
3 50 
2 25 

1.50 or 4 tor $ 5 . 00 

2 8 5 

2 50 

We have In stock nver six million crystals which Include 
types CR1A/AR, FT243, FT2<U, MC7, F7249, HC6/U, 
HC13/U, HC25/U, HC18/U, etc. Send 10? for our 
1970 catalog with oscillator circuits, listing thousands 
of frequencies in stock lor immediate delivery. (Add 10f 
per crystal to above prices for shipment 1st class mall, 
15? each for air mail). 

Special Quantity Prices to 
Jobbers and Dealers. 

ORDER DIRECT 
with check or money order 

to 

CRYSTALS 
2400H Crystal Drive 

Fort Myers, Florida 33901 
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r e g u l a t e d p o w e r s u p p l y 

Viking Electronics has just introduced 
a full-range low-voltage regulated power 
supply for instrumentation and test 
applications, as well as original equipment 
manufacturers. The model PZ-10-A pro-
vides outputs from zero to 25 volts at 
currents up to 100 mA; load regulation is 
less than 50 mV, line regulation is ±10 
mV and ripple is less than one millivolt at 
full rated load. The PZ-10-A has built-in 
provisions for remote control of current 
limiting and voltage output. The output 
terminals are floating. Also available is 
the model PZ-10-B which provides zero 
to 6 volts at 500 mA; and the model 
PZ-10-C which provides zero to 15 volts 
at 200 mA. Price of the PZ-10-A is 
$27.00. For more information, write to 
Viking Electronics of Wisconsin, 721 St. 
Croix Street, Hudson, Wisconsin 54016. 

b a l a n c e d - m o d u l a t o r ic 

4 W I H I t O Q f c H j £ 0 1 I M t 

Motorola's new MC1596 balanced 
modulator/demodulator for communica-
tions work features typical carrier sup-
pression of 65 dB as well as adjustable 
voltage gain and signal handling, balanced 
inputs and outputs, typical carrier feed-
through of 90 microvolts at 500 kHz and 
high common-mode signal rejection ratio 
of 85 dB typical. 

The MC1596 is designed for uses 
where the output voltage is the product 
of an input voltage (modulating signal) 
and a switching function (carrier), such as 
in ssb and a-m transmission, ssb product 
detector, synchronous a-m detection, fm 
and phase detection, frequency doubling 
and frequency mixing. The device can be 
used up to 100 MHz in modulator/ 
demodulator applications and up to 400 
MHz in other circuits. 

The circuit of the MC1596 integrated 
circuit consists essentially of an input 
differential amplifier driving a pair of 
closely matched current-mode transistor 
gates. These closely matched transistors 
are responsible for the excellent input 
balance that cannot be equaled by a 
discrete circuit of comparable cost. For 
more information on the versatile new 
MC1596, write to Technical Information 
Center, Moto ro la Semiconductor 
Products, Inc., Box 20924, Phoenix, 
Arizona 85036. 
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hustler two-meter a n t e n n a s 
Two new Hustler antennas for two-

meter mobile installations are optimized 
for maximum gain, quick installation and 
rugged maintenance-free operation. Both 
antennas are designed to handle 150 
watts fm, ssb or cw, and 100 watts a-m. 
The heavy-duty shunt-fed base-matching 
inductance is completely sealed against 
moisture and offers maximum electrical 
and mechanical stability. The Hustler 
"break-cable" assembly provides easy 
coaxial feedline installation through the 
vehicle. The taper-ground stainless-steel 
radiator is field adjustable for an swr of 
1.1:1 at resonance and 1.5:1 or better at 
4 MHz bandwidth. 

The Hustler model BBL-144 is a co-
linear power gain antenna that mounts in 
a 3/4" hole on any flat surface; it's 
supplied with 17 feet of RG-58/U, a 
PL-259 connector and optional stainless-
steel spring and 180° swivel ball. The 
Hustler model BBLT-144 is the same as 
the BBL-144 but with a Hustler trunk-lip 
mount for no-holes-to-drill installations. 
For complete specifications, write to the 
Sales Department, New-Tronics Corpora-
tion, 15800 Commerce Park Drive, 
Brookpark, Ohio 44142. 

5 - e l e m e n t , 2 0 - m e t e r b e a m 
Mosley Electronics has just announced 

a five-element 20-meter single-band beam, 
the Classic 20. The unbalanced-capacitive 
matching system used on the Classic 20 is 
combined with optimum element spacing 
to provide maximum gain, increased 
bandwidth and more efficient per-
formance. The Classic 20 antenna 
features high-impact insulators and 
clamping blocks, aluminum tubing and 
stainless steel hardware. The antenna is 
rated at 2 kW PEP ssb (1 kW cw or a-m), 
and exhibits an swr of 1.5:1 or less over 
the band. The boom is 46 feet long, and 
the antenna requires a turning radius of 
28 feet. Assembled weight is 139 pounds. 
$285.51 amateur net. Mosley Electronics 
Inc., 4610 Lindbergh Boulevard, Bridge-
ton, Missouri 63042. 

Pto-ken 
Kit 
Send perfect morse code — f r o m 5 to 50 

words per minute. Excellent to build up your 
code speed — anyone can send practice code. 

• Self-completing characters with auto-
matic character spacing. 

. Precision kit includes all parts, such 
as metal case and printed circuit 
boards, and detai led, I l lustrated in-
structions. 

. Pre-assembled keyboard with stand-
ard type-writer key arrangement and 
spacing. 

• Self-contained battery operated — 
two standard " D " cells. All solid 
state. 

. Built-in sidetone and speaker, fast 
acting relay output. 

Basic Pro-Key Kit $149.50 pp 

Added Buffer Storage Kit $34 50 pp 
(See March '70 issue — H a m Radio Magazine) 

Micno Z Co. 
Box 2426 Rolling Hills, Calif. 90274 

Home 
training in 
AMATEUR 
RADIO 

NRI , lender in Communications. Television, Elec-
tronics and TV-Radio home training, now offers the 
first in Amateur lindio courses, designed to prepare 
you for the FCC Amateur License you want or need. 

Don't lose your favorite frequency 
The FCC has said "eithor-or" on licensing, but to 
pass Advanced and Extra Class exams, you need 
the technical nuidance as offered by NR I . N R I 
Advanced Amateur Radio is for the ham who already 
has a General, Conditional or Tech Class ticket. 
Basic Amateur Radio is for the beginner and in-
cludes transmitter. 3-band receiver, code 
practice equipment. Three training plans 
offered. Get all the facts. Mail coupon. No * 
obligation. No salesman will call on you. *•} 
N A T I O N A L RADIO I N S T I T U T E . Wash-
ington, D.C. 20016. 

MAIL NOW 
NATIONAL RADIO INSTITUTE 46-020 
Washington. D.C. 20016 
Please send me in fo rma t i on on Amateu r Radio 
t ra in ing . 

N a m e . . A g e . 

Address . 

C i t y . . S t a t e . _Zip_ 

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL 
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a second look 

As you are probably aware, amateur radio 
is not in the middle of one of its more 
noticeable growth periods. In fact, licens-
ing figures over the past year or so indi-
cate that we're just about holding our 
own, and that's all. This may seem a bit 
unusual in these days of exploding pop-
ulation and growing technology, but 
when you look further and try to define 
the place where ham radio fits into our 
society it makes a little more sense. 

No longer do you have to have an ama-
teur radio license to taste the thril l of 
two-way radio communication. CB has 
opened this door to thousands, some of 
whom might otherwise have become hams. 
This unquestionably has had an adverse 
effect on the numerical growth of ama-
teur radio, but perhaps it also has a 
bright side. 

It takes a good deal of inertia to learn 
the requirements for a ticket and to or-
ganize one's self into a study program to 
prepare for the exam. After passing the 
test the new licensee must put together 
a station and actually get on the air. It 
doesn't just happen; he has to work for 
it. It has been estimated that as many as 
50% of those passing the novice test never 
get on air! 

Where does this lead us? We feel, in a 
very positive direction. It's always easy 
to achieve size by sacrificing quality; ama-
teur radio is growing in stature and capa 
bility. For example, who would have-
dreamed a few years ago of the remark-
ably efficient and dependable local com-
munications which have been established 
on 2-meter fm? The exciting accom-

plishments of the Oscar program and 
moonbounce have certainly helped make 
ham radio a hobby which can show much 
pride of achievement. Our growing mas-
tery of RTTY, slow-scan tv and facsimile 
further attest to our desire to explore and 
develop new ideas. The transition to ssb 
has opened up technological and commu-
nications capabilities virtually undreamed 
of twenty-five years ago. 

We must continually re-evaluate our-
selves to make sure that we are taking 
maximum advantage of our privileges. 
We must also consider what future changes 
might do. We have all seen such ideas as 
the mighty incentive controversy and the 
liberalizing of novice license provisions. 
Currently new ideas such as putting tech-
nicians on 10 meters are being evaluated. 

Some of these ideas will work out while 
others will be scrapped. However, we 
must not rely on the past to provide a 
blueprint for the future. It's important 
that we try to structure our activities to 
take advantage of any interesting new chal-
lenges which we find. Communications is 
in for a number of violent changes in the 
years ahead and amateur radio should do 
its best to be in the middle of the action 
- - satellite repeaters and data transmission 
techniques are just two possibilities that 
come to mind. It goes without saying 
that your shiny new ssb transceiver will be 
just as obsolete in the years to come as a 
two-tube regenerative receiver is today. 
Ham radio will do everything it can to 
guide you into this new age. 

SkipTenney, W1NLB 
publisher 
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Selectivity has come 
a long way. 
Today we take for granted shape factors and 
ultimate rejection figures that were consid-
ered either impossible or extremely expen-
sive twenty years ago. Practically all single 
sideband equipment has a pretty good filter 
network in the I. F. system to establish the 
selectivity pattern. It may be a high frequency 
crystal lattice network, or the lower frequency 
mechanical type. 

There are three factors about the I. F. filter 
that determine how well it will do its job. 
The one most commonly recognized is the 
width of the passband, usually measured at 
a point 6 db down from minimum attenuation. 

This bandwidth is what determines the audio 
frequency range you can transmit and receive 
through the filter. The wider the passband, 
the wider the range of A.F. It becomes neces-
sary, of course, to choose a happy compro-
mise between a narrow bandwidth to help 
reduce QRM, and a wide bandwidth which 
will provide more natural sounding voice 
quality. You'll find that the Swan filter has a 
2.7 kc bandwidth. This gets us into another 
subject which we'll discuss another time. 

Shape factor is the next consideration in 
measuring a filter's quality. This is the ratio 
between bandwidth at 60 db and 6 db down, 
and is a measure of how steep the attenuation 
curve is outside the passband. This factor is 
often referred to as "skirt selectivity." The 
narrower the passband at 60 db down, the 
better the filter will attenuate strong adja-
cent channel signals. A good crystal lattice 
filter will have a shape factor of 1.7 to 2.0 
depending on its center frequency. Best shape 
factors are achieved right around 5 mc, which 
is one of the important reasons for Swan's 
I.F. system being at 5.5 mc. O n the other 
hand, the lower frequency mechanical fil-
ters don't have quite as good a shape factor 
as high frequency crystal filters, a fact which 
isn't very well known, and may come as a 
surprise to many. 

Ultimate rejection is the third, but certainly 
not the least important measure of how good 
the filter is. All filters eventually "flare-out" 
at the base o f their attenuation curve. This 
tells you how much the filter will attenuate 
signals which are 10 or more kilocycles out-
side the passband. If you have a base attenu-

ation level which is down 80 db, for example, 
a strong local signal may very well come 
through the receiver over quite a large por-
tion of the band, and it won't be his fault! 
There's no point in telling him how broad he 
is if it's your filter that's falling down on the 
job. A good high frequency crystal filter hav-
ing 6 or 8 poles will reach ultimate rejection 
levels of 100 db, or more. Here again, filters 
in the 5 mc region are better. So, all you 
happy Swan owners may as well know the 
facts and blow your horn a little. CF Networks 
has made that beautiful precision filter that's 
installed in your rig, and it's really a dandy. 

The accompanying graph illustrates clearly 
what we've been talking about. But so far 
we've only been discussing the "standard" 
Swan filter, and comparing it with other typi-
cal 9 mc crystal tilters and 455 kc mechanical 
filters. In case you hadn't noticed, there's a 
tall, skinny curve on the graph that's all alone. 
This is the new SS-16! Made exclusively for 
Swan by CF Networks, this 16 pole quartz 
filter network establishes a new standard of 
comparison. Shape factor of 1.28, ultimate re-
jection greater than 140 db! A giant Q R M 
killer, the SS-16 wipes out strong adjacent 
channel interference with unprecedented at-
tenuation. And in transmit mode, unwanted 
sideband and carrier suppression are both 
increased greatly. For a new experience in 
Super Selectivity, install the SS-16 in your 
Swan Transceiver. They are available for the 
current 5,5 mc, I. F., or the earlier 5.175 mc 
I.F. system. Installation and adjustment is 
quite simple, and our famous customer serv-
ice department is, of course, available for 
assistance if required. 

Sorry, the SS-16 is only available for Swan 
transceivers. 

73 

^ S u f / i i i f 
^ ^ E L E C T R O N I C S 

For better ideas 
in amateur radio. 
305 Airport Road 
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operational 

power supply 

R e g u l a t e d dc s u p p l y , 

The amateur literature is replete with 
power-supply articles. They range from 
the simplest transformer-rectifier-filter to 
sophisticated units with variable voltage 
control and super regulation. What do 

c3 they all have in common? They're all 
o designed to operate other equipment. 

It seems a shame to use all this 
o expensive regulation circuitry for such 
^ limited purposes. This article describes a 

l o w - f r e q u e n c y a m p l i f i e r , JJ power supply so versatile that it's called a 
> "power supply" only because there's no 

0 generic term more applicable. The 
Current ampl l t ier > primary purpose of this unit is not to 

1 furnish power to another instrument. It 
with b i p o l a r output 5 is, instead, an instrument in its own right. 

" " g In addition to being a highly regulated 
£ dc-voltage supply, it also functions as a 

these are just a few £ low-frequency amplifier (flat response 
§ from dc to 10 kHz) with high-power 
% output. Or it may be used as a current 

uses for this g amplifier. The "supply," operating both 
o in current and voltage modes, has bipolar 

versati le instrument 
output that can be varied continuously 

5 through zero. Thus, an arbitrarily low 
™ output may be obtained, 
g To protect any load, a variable current 
£ trip disconnects the output when the 
S current exceeds any settable value 

between 10 mA and 3 amps. As an added 
convenience, the output-voltage meter 

CO 

as 
-g has an automatic range switch. Also 
E featured is a circuit that provides auto-
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matic polarity indication so the meters 
can be used on ac and dc. 

Most of the critical circuits are con-
tained in five readily available IC's. These 
include two type 709 operational ampli-
fiers, one for regulation and one for 
metering; and three type 710 voltage 
comparators, one each in the range 
switching, polarity indicating, and over-
load protection circuits. 

theory of operation 
The circuit is basically an operational-

feedback around the transistor, nothing 
can compensate for these variations. 

Fig. 1B can be a hundredfold better. It 
overcomes both of the above limitations. 
Very little current flows through the 
zener, and feedback through the zener 
and amplifier transistor compensates for 
the change in Vbe The principal ob-
jections are that the output isn't variable 
(except by changing the zener); also, if 
tight regulation is required, the gain of a 
single amplifier transistor isn't high 
enough to provide it. 

T h e operational power supply. 

amplifier-controlled series regulator 
modified for bipolar operation. To under-
stand how it works, let's review the 
theory of the series regulator and the 
operational amplifier. Fig. 1 shows several 
series regulators, increasing in complexity 
and effectiveness. 

Fig. 1A is a "regulator" with no 
feedback. It is merely an emitter follower 
with a fixed voltage on the base. Regula-
tion is poor because the current through 
the zener varies substantially, and the 
Vt>e of the series pass transistor varies 
with the output current. Since there is no 

Fig. 1C shows a differential amplifier. 
The circuit amplifies the difference 
between the reference voltage (supplied 
by the zener), and a sample of the output 
voltage (supplied by the potentiometer). 
This circuit allows the output voltage to 
be varied. Regulation percentage is again 
limited by the gain of the transistors. 

op amp regulators 
The best regulation is obtained with 

circuits that use operational amplifiers. 
The op amp is one of the most nearly 
universal analog circuits. An ideal opera-
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tional amplifier has infinite voltage gain 
and zero output impedance. Obviously 
such characteristics are unattainable in 

semes-f*ss kcsulateo 
+ TUANSIS TOR VOLTAGE 
O - o 

RAW DC 

2. If the inverting input is more posi-
tive than the noninverting input, the 
output voltage assumes the most-

o » 

VARIABLE-Gam 
INPUT ^ 

O Wv 

REF 

NONINVERTING INPUT 

O 

R FEEDBACK 
-Wv-

fig. 1. Basic series regulators. 
Circuit at A has no feedback to 
compensate for current varia-
tions. Feedback is used in B, 
but output is not variable. C is 
a differential amplifier with 
variable output, but regulation 
is limited by transistor gain. O 
is an op amp regulator. Circuit 
at E is the "Operational Power 
Supply". 

practice, but op amps are almost always 
operated with a feedback network to 
control gain. This makes the assumption 
of ideality nearly correct. 

When an op amp is operated without 
feedback, it is said to be operating "open 
loop." Its open-loop chacteristics are as 
follows: 

1. With no input voltage, output volt-
age is zero. 

negative potential of which it is 
capable, just slightly more positive 
than the negative supply voltage. This 
is true regardless of how much voltage 
is applied to the input. 
3. If the noninverting input is more 
positive than the inverting input, the 
output situation above is reversed. 

4. If both inputs are shorted and a 
voltage is applied between them and 
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ground, no change in output voltage 
occurs. This is called "common mode 
rejection." 

5. The input impedance is infinite. 

To see how the op amp operates as a 
regulator, consider fig. 1D. The inverting 
input is connected to the output of the 
series pass transistor, and the non-
inverting input is connected to a refer-
ence voltage. If any disturbance {such as a 
load) is introduced into the circuit that 
causes the inverting input to become 
negative with respect to the reference, the 
output voltage will immediately increase 
to compensate for it. Thus, the output 
voltage will be always equal to the 
reference. Since the input impedance is 
infinite, no current will be drawn from 
the reference. 

input charcteristics 
Now we come to the most important 

derived property of the op amp. When 
enclosed in a negative-feedback loop, its 
differential input voltage will be zero. As 
in the above example, the output voltage 
will always vary so the two input 
terminals will be at the same potential. If 
the noninverting input is grounded, the 
inverting input will become a virtual 
ground, and any input voltages connected 
there (through resistors) will become pure 
currents. Several inputs can be connected 
simultaneously without any interaction. 

Fig. 1E is a block diagram of the 
circuit used in the unit. Let's examine the 
properties of the inverting amplifier when 
a resistor (Rfeedback) is included in the 
loop. Recalling that the input impedance 
is infinite, it's obvious that the voltage 
drop across the resistor is zero. Thus, 
there is just as much feedback without 
the resistor as with it. This is not pre-
cisely true, but true enough for a very 
good approximation. 

Let Rfeedback be equal to 100 
kilohms. So far we have a circuit whose 
output voltage is zero, since the non-
inverting (reference) input is grounded. 
Connect a 10 kilohm resistor to the 
inverting input, along with the feedback 
resistor already there. Put ±1 volt on the 

other end of this resistor. The inverting 
input is at zero potential, so 100AJA must 
flow through the resistor. The op amp's 
input impedance is "infinite," so the 
current can't go there. To balance the 
current and the voltage, the output 
voltage must be -10 volts, so that -1Q0juA 
must also flow through the feedback 
resistor to balance the circuit. By using 
these resistors, we have an inverting 
amplifier (also called a summing ampli-
fier). 

The application of this circuit to a 
power supply is obvious. Take a positive 
and negative reference, connect a variable 

Rear view of the operational power sup-
ply showing the power transistors and 
adjusting controls. 

resistor between them with its wiper 
connected to the input, and we have an 
extremely stable, bipolar, variable-voltage 
source. If a power amplifier is connected 
inside the feedback loop so that it 
actually becomes part of the op amp, we 
will have what I'll call an "Operational 
Power Supply," or OPS. 

power supply or amplifier 
I've avoided mentioning anything 
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other than dc voltages so far. Take a look 
at figs. 1A through 1E. None of the 
circuits depend on capacitors for filtering 
or regulation. This is important because it 
greatly enhances the time response of the 

The IC's are available from several 
manufacturers. Any silicon diode with 
low leakage is okay for the signal diodes. 
Output transistors are HEP247 (npn) and 
HEP248 (pnp). Any silcon transistor with 

-6VO-

5C PV 
N T ^ 

-Of 12V NOTE: ALL ZENERS 400mW OR HIGHER 

SOPiv 

-O+ISV 

MOO 
50 

GROUND REFERENCE FOR 
CURRENT CIRCUITRY 

£000 
• SO 

-o-isv fig. 2. The power source for the OPS. 

9V 

supply. The output will change from ful ly 
positive to ful ly negative in 100 /us. Since 
it is so fast, the operational power supply 
could just as easily be used as an 
amplifier. 

construction 
The photos show the circuit layout 

and panel-component arrangement I used. 
However, these can be varied to suit your 
requirements and available parts. Most of 
the components were on hand. A wide 
range of values should be acceptable. 
Probably the biggest problem you'll have 
is finding a commercially available trans-
former that has a 58-volt ct secondary at 
3 amps and an 11 -volt secondary at 100 
mA. By connecting filament transformer 
windings in series, it should be possible to 
obtain voltages sufficiently close to those 
shown.* 

*A Variac in the primary might be helpful to 
make up whatever input voltages are necessary. 
Editor. 

a 5-ampere or higher rating may be 
substituted. V c e and V c b should be at 
least 60 volts; 80 volts would be even 
better. 

Al l zeners should have 1-watt dissipa-
tion or more. Their voltage values are 
shown in the schematics. Al l other tran-
sistors are 2N2905A (pnp) and 2N2219A 
(npn). Any device with similar ratings 
may be used. 

Feel free to make substitutions. How-
ever, don't use electrolytic capacitors 
with values much lower than those speci-
fied. Critical components, such as meter 
shunts, are discussed in the parts of the 
article that describe the circuits. Be sure 
to use heat sinks for the two output 
transistors and rectifiers (photo). 

power source 
Fig. 2 shows the basic power source 

for the entire unit. Several voltages are 
required for the output stage, the IC's, 
and the reference supply. These are: 
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+ 15 Referenced to ground for the 
+ 12 regulator and voltage-metering 

6 portions. 
-15 

+ 15 Referenced to the output bus for 
+12 the current metering and over-

6 load protection circuitry. 
-15 

+6 Stable, referenced to ground, to 
-6 drive the operational amplifier 

input. 

The first two groups are obtained by 
simple resistor-zener. divider chains. The 
last group is obtained by using a positive 
and negative current source to drive the 
zener. Q1 and Q2 each have six-volt 
zeners in their collector circuits, with a 
fixed voltage drop across their emitter 
resistors. Since zeners are voltage stable 
with respect to current changes (except 
for a small slope after the "knee"), 
regulating the current keeps the zener 
operating over a very small portion of its 
curve, with a proportionally smaller 
change in voltage. 

regulator circuit 
Fjg. 3 shows the actual circuit repre-

sented by fig. 1E. Theoretical operation 
has already been explained. Circuit details 
follow. 

The two diodes connected back-to-
back from the inverting input to ground 
protect the amplifier from high-voltage 
input transients. The capacitor and re-
sistor between pins 1 and 8, and the 
capacitor between pins 5 and 6 give the 
proper high-frequency gain roll-off char-
acteristics to the op amp. 

The 100 kilohm resistor connected to 
the input is the main feedback resistor for 
the circuit. It is connected to the "sense" 
terminal on the front panel, which is 
normally shorted to the power-amplifier 
output. 

Note that, in this circuit onfy, the 
inverting and noninverting inputs are 
reversed as to function, so don't be 
disturbed if the pin numbering doesn't 
correspond to that in the other diagrams. 
The reason for the reversal is that the 
power amplifier is itself an inverting 
amplifier, although one with relatively 
low voltage gain. 

The circuit has one stage of voltage 
gain (Q3 and Q4), which drives com-
pound emitter followers (npn Q5 and Q7; 
pnp Q6 and Q8). The diodes and 
250-ohm potentiometer between the col-
lectors of Q3 and Q4 are a biasing 
network that eliminates crossover distor-
tion at output voltages near zero. The 
250-ohm potentiometer should be ad-
justed for 60 mA quiescent current 

f e w FRONT PANEL) 

INPUT' 

ATTEN DIRECT 

*30V O-

+ 6V REF 

• 6 V REF 

GND FDR CURRENT ciacurmr OUTPUT o 

f ig. 3. R e g u l a t o r us ing an I C op a m p to 
dr ive a p o w e r ampl i f ier - regu lator pro-
v id ing a stable, b ipo lar , var iable-voltage 
source. 
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through R6, by measuring 30 mV across 
it. R5 balances out differences in the bias 
network of the voltage amplifier. It is 
adjusted by setting the supply output 
voltage to zero wi th R2, then measuring 
the voltage at pin 6 of the 709. The 
correct adjustment is reached when this 

The circuit of fig. 4 eliminates this 
di f f icul ty. The Vi-ohm resistor in series 
w i th the output is connected inside the 
feedback loop,,so any voltage drop across 
it is compensated. A milliammeter of 
arbitrary value (less than 1 mA full-scale 
to avoid overloading the op amp) is 

SCALE 
RESISTORS 

{SEE TEXT! 

fig. 4. Current -meter ing circuit . Loading 
effect of meter is avoided by including 
meter in feedback loop. T h e t y p e / 4 A 7 1 0 
IC is an overcurrent detector . 

+ 30V O-

OCR CUR RENT 
INDICATOR 

voltage is between ±1 volt, R8 should be 
adjusted so that at least a 16-volt peak-
to-peak excursion (measured again at pin 
6) produces a 60-volt peak-to-peak ex-
cursion at the output terminal. R7 is a 
shunt for current metering and is dupli-
cated in f ig. 4. 

current metering 
The usual method of measuring power 

supply current is to connect a meter in 
series wi th the supply. However, wi th 
highly regulated supplies, the output im-
pedance is much lower than that of the 
meter, and the meter's insertion wi l l 
seriously degrade performance. 

connected in a bridge rectifier in the 
709's feedback loop. Different series re-
sistors are then switched to the inverting 
input. 

Since the op amp input voltage is 
always zero, calculating the resistor values 
is very simple. Assuming the current you 
want to measure is 50 mA or greater and 
the meter is 1 mA (or less), just calculate 
the voltage across the Vz-ohm resistor that 
corresponds to the full-scale current. 
Then f ind the resistance across which this 
voltage wi l l give 1 mA. The characteristics 
of the meter do not enter into the 
computation. If you want to measure 
very low currents, it's necessary to cal-
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culate the shunting effect of the metering 
resistor across the Vi-ohm resistor, R7. 

overcurrent detector 
A type 710 voltage comparator is used 

as an overcurrent detector (fig. 4). It is 
similar to an op amp; however, instead of 

output current and the range-switch 
setting. R11 is adjusted so that, with the 
divider switch in its least-sensitive posi-
tion, the voltage at point Q overcomes 
the fixed bias on the comparator input at 
a point just after the current meter goes 
off scale. Changing taps on the divider 

fig. 5. Voltage-metering. The/4A71 0 IC operates 
similarly to the overcurrent detector. A capaci-
tor in the bridge circuit slows down range-
switching action. 

+ 30VO W^ 270 

SCALE LIGHTS 
(s J is i ) ( 3 

having a linearly varying output, its out-
put voltage is either close to zero, if the 
inverting input is positive with respect to 
the noninverting input, or about 3 volts 
when the situation is reversed. By setting 
a reference voltage on one input, the 
comparator gives a digital output in-
dicating whether the other input is higher 
or lower. The comparator is biased by 
R12 and R13 so that the output is at 3 
volts. This biases Q9 into conduction as 
well as Q10, causing current to flow 
through the coil labeled "holding 
solenoid." The voltage at point Q is 
derived from the output of the op amp, 
which is in turn determined by the supply 

enables cutoff to be set at several discrete 
points withing the meter range. 

The output interruptor is part of a 
switch that has a light and a solenoid. 
Current through the solenoid is sufficient 
to hold the switch in, but not to pull it 
in. Thus when the current is interrupted 
as the trip point is reached, the switch 
pops out and lights up, and must be 
manually reset. It would be just as simple 
to use a surplus 24-volt relay and reset 
button here, if you have no surplus 
computer switches handy. D1-D4 enable 
the comparator to work on ac, and 
D5-D6 protect the inputs from excessive 
voltage. 
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voltage metering 
After all the foregoing complexity, it 

might disappoint you to learn that the 
voltmeter is merely a simple voltmeter. 
The range switching circuit (fig. 5) is a bit 
unusual, however. The comparator in this 
circuit works in a manner similar to that 
in the current trip. The only difference is 
that a 33 juF capacitor is connected across 
the input to slow down the range 
switching action. The 33 ki lohm resistor, 
R 14, provides some hysteresis so that the 
up-range and down-range switch points 
aren't identical. Q11 and Q12 illuminate 
the appropriate scale lights so that you 
know what you are reading, and Q13 and 
Q14 shunt the low-range resistor to 
ground for both positive and negative 
excursions of the output. 

range resistor adjustment 
The range resistors are adjusted as 

follows. Disconnect the wire going to the 
shunting transistors, and set the supply 
output for 30 volts. Adjust R15 so the 
meter reads 30. Set the supply output for 
5 volts. Adjust R17 so the high-range 
light just comes on. Reduce the output 
voltage to 4.5 volts. If the low-scale light 
hasn't come on yet, increase the value of 
R14 until it does. Now reconnect the 
wire to Q13 and Q14 and adjust R17 for 
a reading of 4.5 on the meter. Readings 
wil l be somewhat inaccurate below 2 

volts, because it was necessary to use 
silicon diodes in series with the shunt to 
reduce leakage. 

For the voltmeter, I used a 0-50 
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fig. 7. Frequency response of the 
OPS. Slope above 10 kHz is 20-dEJ/ 
decade roll off to prevent oscilla-
tion. 

microammeter. It makes litt le difference 
from a voltage-mete ring standpoint what 
you use, since the meter puts an insigni-
ficant load on the supply. However, as 
noted previously the supply can be used 
in a constant-current mode, in which any 
load in parallel with the desired one 
reduces the current regulation of the 
supply. If you don't have a very sensitive 

fig. 6- Positive-negative output indicator. The IC comparator indicates +dc, -de, or ac output. 

QiiOV 
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meter, it's possible to use an operational 
amplifier to boost meter sensitivity- The 
bibliography at the end of the article 
gives several methods of doing this. 
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fig. 8. O P S regulation and dr i f t performance. 

positive-negative detector 
There are several reasons for using a 

positive-negative output indicator (fig. 6) 
instead of a zero-center meter. One is that 
zero-center meters are difficult to come 
by. Another is that by using the entire 
scale to read voltage or current, resolu-
tion is improved 100 percent. Also, when 
measuring ac, a zero-center meter will 
indicate only the dc component of the 
signal. By arranging the metering so that 
both a positive and a negative output give 

ground as a reference instead of a bias. 
Thus, if a voltage is below ground, one 
light is on; if above, the other is illumin-
ated. The capacitors prevent the ex-
tremely fast operation of the comparator 
(under 50 nanoseconds) from radiating 
noise to the rest of the circuit. 

performance 
The drop-off in frequency response 

(fig. 7) might seem rather sharp, but only 
a portion of the graph is shown. The 
remaining response is flat down to dc. 
Above 10 kHz, a 20-dB-per-decade roll 
off is required so that the amplifier gain 
drops as the phase shift increases. 

The regulation curve (fig. 8) may seem 
somewhat anomalous since it shows an 
increasing output voltage as the load 
increases. Actually, nothing particularly 
strange is happening here. The regulation 
at the terminals of the op amp is normal, 
but the distribution of the lead resistance 
inside the unit makes it appear otherwise. 
There are techniques for compensating 
for such effects, but there's little point in 
making the regulation better than the 
random variations of the output. 

applications 
So now you've built this fascinating 

gadget, with some blinking lights. You 
can't put it on a Christmas tree, nor is it 
heavy enough to make a decent boat 
anchor. So what to do with it? You can 
use it as a combination that has charac-
teristics neither an amplifier nor a power 
supply alone possesses. The only limit is 

fig. 9. T h e O P S as an electronic 
load. B y vary ing input voltage, 
loads can be s imulated without 
resistors. 

h -
INTERNAL VOLTABE CONTROL VOLTAGE ^ 

SUPPLY 
"7) UNDER 

test 

positive meter deflections, no switching is 
necessary for proper readings. The com-
parator circuit indicates if the output is 
+ d c , - d c o r a c (if both lights are lit). 

The comparator works by using 

your ingenuity. Below is a compilation of 
a few ideas I came up with. 

electronic load 
Due to the bipolar nature of the OPS, 
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fig. 10. Current regulator application. Load is 
part of the feedback loop; a change in load re-
sistance causes a corresponding output voltage 
change to maintain constant current. 

it can absorb current as well as produce 
it. With a 1-ohm, 10-watt resistor, your 
power resistor problems are over. Assume 
you're testing a 10-volt power supply. 
Connect the resistor as shown in fig. 9. 
By varying the voltage on the ops from 
10 to 7 volts, the load current changes 
from 0 to 3 amps. To test the supply with 
load resistors would require several, or at 
least one, with a 30-watt rating. 

current regulator 

The supply can be used as a current 
regulator. All that's required is a small 

change in the output connection {fig. 
10). To maintain a constant voltage 
across the current-monitoring resistor re-
quires a constant current through it. The 
voltage, and hence the current, are deter-
mined by the dc-input current and the 
value of the current-monitoring resistor. 
The load is part of the feedback network, 
so a resistance change of the load causes a 
corresponding output voltage change to 
maintain constant current. If a capacitive 

fig. 11. A linear ramp generator results if 
the capacitive load, C , is discharged auto-
matically. 

load is used, the capacitor will be charged 
with a constant current, giving a linear 
increase in output voltage. By providing a 
method of automatically discharging the 

fig. 12. Semiconductor curve tracer. Bipolar output ofOPSal lows it to be used with npn or pnp tran-
sistors. 
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capacitor, a linear ramp generator is 
created, fig. 11. 

semiconductor curve tracer 
A n app l i cat ion where constant 

current, constant voltage, and programm-

AUDIO 
OSCIL LATOft 

temperature-controlled 
oscillator oven 

Are you trying to build an extremely 
stable crystal oscillator? The most diffi-
cult parameter to control is the crystal 
temperature. Mechanical thermostats 

GAIN DC 

REACTOR TRANSFORMED 

fig. 1 3. Inductor or 
transformer anali ier. 
Core saturation is in-
dicated when the se-
condary voltage de-
creases or becomes 
nonlinear. 

ability are necessary is in a curve tracer 
(fig. 12). Obtaining a single curve is 
possible by ordinary methods, but it's 
more useful to have a family of curves at 
different base currents or voltages. Due to 
the bipolar nature of the supply, it can be 
used for npn and pnp resistors, including 
power transistors. 

inductor-transformer analyzer 
Other testing applications might in-

clude determining characteristics of audio 

typically regulate only within a degree or 
two. Put a thermistor in the crystal oven 
(fig. 14) and connect it in a bridge 
arrangement so that the bridge is nulled 
when the thermistor is at the proper 
temperature. Connect the OPS to detect 
the null voltage. Connect the output 
directly to the oven winding (disable the 
thermostat), and you will have a propor-
tionally controlled oven with a tempera-
ture stability at least an order of magni-
tude better than a thermostat. 

CRYSTAL OVEN 

fig. 14. Proport ional 
temperature control-
ler. T h e ops provides 
better control than a 
thermostat. 

inductors or saturable reactors (fig. 13). 
Apply a small ac voltage to the input of 
the supply, connect the output to a 
transformer primary, and slowly increase 
the dc output. When the output voltage 
at the secondary decreases or becomes 
nonlinear, the core is saturating. This is a 
good way to find out the current rating 
of modulation transformers. This hookup 
can also be used to sweep variable in-
ductors1 , while providing a constant bias. 

tracking power supply 
Power supplies of equal positive and 

negative voltage are often required for IC 
experimentation. Since the operational 
power supply is an inverting amplifier, it 
can be adjusted to give a gain of -1. 
Connected to the output of an ordinary 
supply, it will give an equal and opposite 
output voltage that will track the voltage 
of the original supply. Fig. 15 is an 
example. 

april 1970 [jUJ 19 



that you have an amplifier with better 
bass response than his. 

I 'd like to acknowledge the help of 
Steve Schwartz, WA2YDN, who made the 
photographs accompanying this article. 

Inside view of the OPS . The perforated board behind the voltage meter contains the meter multi-
pliers. The heat sink hold the two output transistors and the rectifiers. 

conclusion 
After you've built your OPS, you'll be 

quite familiar with two of the most 
popular IC's on the market. You'll also be 
able to boast to your hi-fi-nut neighbor 

fig. 15. Tracking power supply. A n equal and 
opposite output voltage from the OPS will fol-
low that of the power supply being tested. 

reference 
1 Robert M. Brown, "Solid-state Current 

Controlled Tuning", ham radio, January, 1969, 
p. 38. 
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simple 

speech processor 
for ssb 

Anyone who listens critically to amateur 
ssb stations will notice many signals with 
poor audio quality. Even though the 
transmitters putting out these signals are 
well designed, distortion will occur if 
transmitter design limitations are ex-
ceeded. Such distortion is caused by 
attempting to exceed peak available 
power or maximum average power. 

This article explores methods for ob-
taining maximum transmitter effective-
ness, while maintaining basic power 
limitations. 

modulation control 
In many commercial stations, volume 

compressors are used between the micro-
phone and transmitter. The compressors 
are of two types. One operates as an 
average program level control. It has 
relatively long time constants to maintain 
output at optimum average modulation 
level. The other, operating as a peak 
limiting device, has shorter time constants 
to prevents over-modulation on peaks. 

Optimum average modulation control 
and peak level control also apply to 
amateur transmitters. Regardless of peak 
envelope power or the type of com-
pressor, limiter or ale circuit used, all ssb 

I transmitters are power limited by output 
tube plate dissipation and, of course, the 
power supply's capability and regulation. 

If an ssb transmitter is rated at, say, 
c 500 watts peak envelope power, then 
o with no speech processing circuit the 
15 ratio of peak-to-average power would be 

of the order of 5:1 for normal speech. 
Average power input would be about 100 

O watts. With an efficiency of 60 percent, 
"g about 40 watts would be dissipated in the 
« final amplifier tubes. If these tubes have a 
o rated plate dissipation of more than 40 
^ watts, then some increase in average 
§ power would be permissible if it could be 
S obtained wi thout increasing peak 
< envelope power. This can be done with a 
•B speech processor that controls the ratio 
J> of peak-to-average power in the audio 
O signal. 
?! volume compressors 
£ A volume compressor is a form of 
I-" automatic gain control. Age is obtained 
iE by rectifying a portion of an audio 
® amplifier's output; the rectified output 
oT then controls audio gain when fed back 
•z to circuits preceding the audio amplifier, 
a, Volume range is thus automatically con-

JJ trolled as a function of input signal level, 
oc In a volume compressor, volume range 
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is automatically reduced, and the average 
power level of the speech signal is in-
creased relative to its peak- In a peak-
limited ssb system, such a circuit can be 
used to increase average modulation 
without a corresponding increase in peak 
modulation level. 

Because the speech envelope rises and 
falls, the rate of the speech envelope 
variation is referred to as the "syllabic 
rate." This occurs between about 0.5 and 

age that will increase average power level 
and readability through noise, before the 
accompanying wave-form change (dis-
tortion) becomes objectionable, depends 
on received signal-to-noise ratio. 

peak clippers 
A second type of circuit for increasing 

average modulation level is the peak 
clipper or "hard limiter." This has very 
short attack and decay time constants. 

fig. 1. Schemat ic of battery-operated age audio signal processor. Distortion is less than 3 percent on 
a 1 - k H z sine wave with 14 d B compression. 

25 Hz, with an average of about 5 Hz. 
The speech envelope variation is, in 
effect, a form of amplitude modulation. 
The amount of a-m is of the order of 
25:1, or 28 dB for average continuous 
speech. Much of this a-m can be removed 
without greatly effecting speech intelligi-
bility. However, if too much of the 
syllabic rate variations are removed, low-
level syllables and breath sounds become 
excessive and speech has an unnatural 
sound. 

An oscilloscope will show that com-
pression causes a change in speech wave-
form, which is interpreted by the ear as 
distortion. The amount of compression or 

When used at audio frequencies, distor-
tion is introduced because the audio 
waveform peaks flatten, Although most 
of the distortion can be removed with 
low-pass filters, we are left with inter-
modulation distortion products within 
the audio passband. This distortion tends 
to reduce intelligibility. 

Peak clippers or limiters have been 
used effectively at radio and intermediate 
frequencies. If carrier frequencies are 
properly chosen, harmonic and inter-
modulation distortion products, resulting 
from flattening of the rf signal peaks, will 
fall outside the rf or i-f passband and can 
be removed with filters. 
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ale circuits 
The ale circuits included in most ssb 

transmitters are compressors operating at 
the output radio frequency. Single-
sideband transmitters use frequency con-
verters to translate speech frequencies to 
a band of radio frequencies. After transla-
tion, the ssb signal is linearly amplified. 
Examination of the ssb rf signal shows a 
variation in amplitude at the syllabic rate 
not unlike the original speech waveform 
envelope. The ale circuit has a com-
pression threshold near maximum modu-
lation to prevent flat-topping. Because of 
this high threshold, ale circuits don't have 
a dynamic range of more than a few dB, 
which isn't sufficient to compensate for 
large variations in audio signal level. 

age speech compressor 
An effective speech processor is an age 

amplifier inserted in the microphone 
circuit. Not only does the processor 
maintain optimum modulation level; it is 
particularly useful when the transmitter is 
being modulated by someone other than 
an experienced operator. In phone patch 
work, for example, phone line signal 
levels vary between persons and from one 
connection to the next. An age speech 
processor between phone patch and trans-
mitter will equalize audio signal level 
variations. 

A f t e r much experimentation, I 
developed the age process shown in fig. 1. 
Its features include: 

1. Simplicity and low cost. 

2. Battery operation. Battery life 
should exceed 200 hours. 

3. Low distortion: less than 3 percent 
on a 1-kHz sine wave with approxi-
mately 14 dB compression. 

circuit description 
Q1, an fet connected as a source 

follower, provides high input impedance. 
This input circuit allows almost any type 
of microphone to be used. Threshold 
control R3 provides proper signal level to 
the age amplifier despite output from 
different microphones. 

Q2's gain is controlled by a combina-
tion of two effects. As signal level in-
creases above age threshold, age rectifier/ 
amplifier Q5 starts to conduct. Its col-
lector current decreases the voltage on 
age capacitor C3, which decreases Q2's 
collector current. Q2's gain is propor-
tional to collector current, so ampli-
fier gain is reduced. At the same time, the 
collector impedance of Q3, which is the 
emitter degeneration for Q2, increases 
since it is also biased from C3; thus Q3's 
bias is decreased. These two effects, 
decreasing collector current and in-
creasing emitter impedance, provide a net 

E i N <*>V) 

fig, 2. Age response w i t h speech 
processor threshold set at a b o u t 
2 m V . 

gain reduction without an appreciable 
change in Q2's collector voltage. Thus no 
transient " thump" is noticeable in the 
amplifier's output. 

Q4 is a linear, constant-gain output 
amplifier that also provides proper thresh-
old voltage for Q5. R12 isolates Q4 from 
Q5 so that Q4's output waveform won't 
be distorted from nonlinear loading by 
Q5. R1, C1 make up an rf f i l ter for the 
microphone input, and R13, C8 con-
stitute a low-pass filter for the output 
signal. 

specifications 
The performance of this circuit has 

been carefully measured with the fol-
lowing results: 

frequency response (Hz) 300-3000 
maximum compression (dB) 26 
attack time (ms) 10 
decay time (ms) 100 
distortion (percent) 3* 

*On 1 kHz sine wave at 14 dB compression. 
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operation 
The threshold and output-level con-

trols, R3 and R16, should be set as 
follows. Set the function switch to the 
OUT position, and set transmitter gain 
controls for proper modulation level. Set 
the function switch to the IN position 
and set output control R16to minimum. 
Advance threshold control R3 until meter 
M1 kicks up to about half scale while 
speaking into the microphone in a normal 
voice. Turn up R16 until full modulation 
is again obtained. Further adjustment of 
transmitter gain control shouldn't be 

Speech processor showing parts layout. 

necessary with the age amplifier either IN 
or OUT. A good rule for adjusting the 
amount of age action by setting the 
threshold control is to use no more age 
compression than necessary to obtain 
reliable communication. If signal-to-noise 
ratio is high, an excessive amount of 
compression will make speech sound un-
natural. On the other hand, if signal-
to-noise ratio is low, additional age com-
pression will raise the average modulation 
level. 

use of panel meter 
An advantage of this circuit is that the 

amount of age in use is always visible on 
the meter. The threshold control may be 
adjusted for existing conditions by 
watching the meter. If signal-to-noise 
ratio is poor, an increase in threshold and 
age level will provide better intelligibility. 

A low threshold setting is advisable under 
strong signal conditions. The plot of fig. 2 
shows age action with the threshold set at 
about two millivolts. 

transmitter output limitations 
The object of speech processing cir-

cuits is to raise average power level. 
Therefore it's important that your trans-
mitter and its power supplies operate at 
the resulting higher average power level. 
If your transmitter is limited by peak 
power level, then a speech processor 
might improve your signal's readability 
by increasing average power level. If your 
transmitter's output is limited by average 
plate dissipation of the final tubes, power 
supply, or both, there's little advantage in 
attempting to increase the ratio of aver-
age-to-peak power. 

other considerations 
Many of the ssb transceivers on the 

market use TV-type sweep tubes as rf 
power amplifiers. It is well to remember 
that, although these tubes may be capable 
of quite high peak power, their average 
plate dissipation may be quite low. This 
limitation should be carefully considered 
before expecting improvement from 
speech processing circuits. Also, good air 
circulation is essential to proper opera-
tion of these power amplifiers. An effi-
cient cooling system, with adequate space 
around the amplifier, is good insurance 
against overheating. 

In conclusion, I'd like to re-emphasize 
that improvement in intelligibility can be 
obtained with speech processors when 
properly used, but rf power amplifier 
tube plate dissipation is still a limiting 
factor. 
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A previous article in /7am radio described 
a 2-kW stripline amplifier for 150 MHz.1 

11 was designed to conduct proof tests on 
the new Eimac 3CX1000A7 high mu 
ceramic triocle. As pointed out in the 
article, the amplifier can be adapted to 
two-meter operation. 

We decided that this amplifier, built 
into the Henry 2K cabinet, would make a 
neat and compact two-meter package. 
With this in mind we obtained a 2K 
power supply, amplifier cabinet, and a set 
of panel meters.* The amplifier's plate 
line and output coupling system were 
modified, and metering and control cir-
cuits were added to accommodate the 2K 
supply. The photo of the completed unit 
shows the result: a full-legal-power linear 
that performs as well as it looks. 

This article contains information to 
allow duplication of the amplifier by the 
serious vhf enthusiast. 

design 

A schematic of the amplifier appears 
in fig. 1. The tube operates in a con-
ventional grounded-grid circuit. Plate and 
grid current are measured in the filament 
return leads. An 18-volt zener in the 
filament return sets the desired idling 
plate current. A reflectometer circuit is 
included to aid in tuneup. 

The amplifier is neutralized by moving 
' Henry Radio Stores, 11240 West Olympic 
Blvd.. Los Angeles, California 90064. 
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the self-neutralizing frequency of tube 
and socket from 105 to 145 MHz. The 
control-grid lead inductance is reduced by 
modifying the tube socket (see photo). 
The 1/8-inch cylindrical spacers and 
1/16-inch rectangular spacers are re-

socket stack; then standard nuts are 
used.* 
cathode circuit 

A T-network matches the 50-ohm 
drive line to the input impedance of the 
3CX1000A7, which is 42 ohms. 

INPUT 

m 
PA COVER 

INTERLOCK 

C I , C2 Part of strip line assembly (see detail 
drawing available from Eimac) 

C3 35 p F piston, set to about 3.8 pF 
(Johanson type 803} 

C 4 Approximately 6.5 pF. 1" diameter 
plates on lead screw (set to about 1.4 
PF) 

fig. 1. Complete circuit diagram of the kilowatt i 

moved. The latter spacers have threaded 
holes for the long machine screws that 
hold the socket stack together. To secure 
the stack in the modified socket, the long 
screws are reversed and inserted into the 
chimney mounting holes, chassis, and 

C5 600 pF ; six 100-pF capacitors in par-
allel. 

L1 Part of strip-line assembly (see detail 
drawing available from Eimac) 

L 2 9 turns no. 8 enameled, 3/4" ID, bifi-
lar wound 4 turns no. 14, 3/8" ID. 

plifier for 144 MHz. 

The modified Eimac SK-870 socket is 
mounted directly on to the chassis deck, 
*This assembly, plus that of the entire plate-
circuit resonator and output coupler are de-
tailed in a scaled drawing available from Eimac, 
301 Industrial Way, San Carlos, California 
94070. 
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putting the control grid at clc ground. The 
grid current is metered in the cathode 
return lead. The photo of the chassis 
underside shows the filament choke and 
input matching network. 

plate circuit 
Note the two sheet-metal plates 

mounted on the right end of the tuned 
circuit in the photo showing the top view 
of the plate resonator. These plates are 
part of the tuning capacitor, C1; one 
plate is movable from the front panel by 
an eccentric drive. A padding capacitor is 
mounted at the open end of the plate 
line. The mechanism for changing the 
loading (at left in the photo) is discussed 
later. 

A metal trough runs along the cabinet 
wall and into the area between the front 
panel and the subpanel to provide shield-
ing for metering and control wires. 

The photo of the completed amplifier 
shows the eccentric drive, made of Rexo-
lite 1422, which moves one plate of 
tuning capacitor C1. The capacitor plate 
is made of beryllium copper so it will 
return to its original position as the 
eccentric drive is turned. A lip on one end 

of the movable plate bears against the 
tuning eccentric. 

The shoulder washers that secure the 
upper plate-line sandwich of copper and 
Isomica were machined from Teflon rod 
stock. The Isomica was obtained from 
Minnesota Mining and Manufacturing 

The complete amplifier is a look-alike to its 
high-frcqucncy cousin, the Honry 2 K . 

fig. 2. Basic metering circuit used in the amplifier. 

Company. Probably other dielectrics such 
as Teflon and Mylar could be used but 
Isomica has a dielectric constant between 
4.5 and 5 — about twice that of Teflon; 
Mylar has a dielectric constant of about 
3.1. 

output loading circuit 
The output loading circuit consists of 

a sliding tap on the plate line coupled to a 
50-ohm, five-wire transmission line. The 
four outer conductor rods are fixed. The 
inner conductor is telescoping brass 
tubing, which allows loading adjustment 
by varying the position of the power 
take-off point along the plate tuned 
circuit. The inner conductor is 0.375-inch 
O. D. brass tubing, which is soldered at 
one end to the output coaxial receptacle. 
A second piece of brass tubing, 
0.382-inch I.D., is telescoped over the 
fixed piece. To make good electrical 

A l Roach, W 6 J U K , of D y m o n d Electronics, 515 
Blackstone, Fresno, California 93701, is pre-
sently planning to market a 144-MHz rf deck 
very similar to the one in this amplifier, in-
cluding the strip line, 3 C X 1 0 0 0 A 7 tube and 
S K - 8 7 0 socket. If there is sufficient interest he 
may offer a complete amplifier, including power 
supply, blower, metering and cabinet. If you're 
interested, write directly to him. 
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contact, finger stock backed up by a 
coiled spring is soldered to the larger 
conductor. The other end of the 
0.381-inch I. D. tubing is inserted into a 
Teflon block, which slides along the four 
outer conductor rods. Finger stock is 
mounted on the Teflon block and 

* ' £ V' 
•/ \ 

table 1. Operating conditions (or the 2-kilowatt 
amplifier. 

Input circuits showing T-network and bi-
filar-wound filament choke. 

soldered to the five-wire transmission line 
center conductor. The finger stock makes 
contact with the inside surface of the top 
slab of the plate tuned circuit, providing 
variable contact for adjusting the load. 
The center conductor rides in a Teflon 
sleeve bearing where the transmission line 
passes through the plate resonator 

cw ssb 
plate voltage 2900 volts 2710 volts 
plate current 

(zero signal) 32 mA 32 mA 
plate current 

(single tone) 332 mA 6 9 0 mA 
amplifier plus driver 

input power 1000 watts 2000 watts 
grid voltage -18 volts -18 volts 
drive power 25 watts 82 watts 
filament voltage 5 volts 5 volts 
filament current 33 amps 33 amps 
power output 500 watts 1120 watts 

shorting block. The four outer conductor 
rods are threaded and screwed into 
tapped holes on each side of the shorting 
block. 

performance 
The amplifier operates over the 

144-148 MHz band under the conditions 
shown in table 1. No intermodulation 
measurements were made, but previous 
experience indicates that third-order 
products will be 32 dB below one tone of 
a two-equal-tone signal. 

references 
1 Robert I. Sutherland, W 6 U O V , "Design 

Data for a Two-Kilowatt V H F Linear," ham 
radio, March, 1969, p. 6. 

Completed amplifier. Blower and filament trans-
former on reverse side protude into large empty 
space in top of cabinet. 

The Eimac SK-870 socket before modification, 
below. Washers were removed to increase tuOes 
self-neutralizing frequency, upper. 

i: Y "¥ " f t ' T) * Y Y 
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an electronic 

thermometer 

A s i m p l e 

but effect ive in s t rument 

that can be built 

in just a few hours 

A forward-biased silicon diode has a 
virtually constant negative temperature 
coefficient. The voltage across it drops 
about two millivolts per degree Centi-
grade {depending on the diode) over a 
wide temperature range. 

This property has been known for 
years but has been seldom used for 
temperature measurement because of the 
complexities of the dc amplifier required 
for low drift and calibration stability. The 

fig. 1, Circuit for the electronic temper-
ature indicator. The LM301A is a very 
stable <»c amplifier. 

R3 
St CALIBRATE 

"VVSr-

> z 
N 
CO 
> 

<35 
C 

"5 
o O 
</> 
d) 
E 
n? 

RZ 22* 
500 

COARSE 

30 g j april 1970 



availability of inexpensive IC operational 
amplifiers has changed the picture con-
siderably.1 

The National Semiconductor LM301A 
operational amplifier, used in this circuit, 
costs less than six dollars. Its gain 
depends almost entirely on the feedback 
and input resistors, and the circuit is very 
stable. 

design 
The electronic thermometer circuit is 

shown in fig. 1. The difference between 
the input currents to the op amp {i. e., 
currents through the two 1.5 k resistors) 
is amplified and presented to the meter. 

a battery supply isn't too dependable, 
especially after prolonged use when 
battery internal resistance increases. 

calibration 
The zero point must be calibrated 

first. Place the sensing diode in melting 
ice, then adjust the zero-set pots for zero 
meter indication. Place the diode in 
boiling water, and adjust calibration pot 
R3 for full-scale meter reading. Bubbles 
of steam may cause the meter to fluc-
tuate, but this can be remedied by allow-
ing the water to cool until it just stops 
bubbling. The water temperature will 
then be about 99°C. 

t-15- 25 V 
UNREG 

ICV 
REG 

9V TRANSISTOR BATTERY 

(2 wo; 

+ 9V 
-O 

0 
-O 

fig. 2. Regulated power supply for the thermometer, A . Circuit in B may be used as an alternate for 
preliminary checks. 

This current difference is set to zero at 
0°C by R1, R2; thus the meter indication 
is proportional to the temperature of the 
sensing diode. The calibration control, 
R3, sets the amplifier gain to suit the 
temperature coefficient of the diode. 

power supply 
The instrument requires regulated +10 

and -10 volts. Current drain is only about 
two milliamperes. A simple method of 
obtaining stable voltages is shown in fig. 
2A. A couple of inexpensive 9-volt tran-
sistor radio batteries, connected as shown 
in fig. 2B, may be used for initial check-
out of the thermometer. However, a 
regulated supply should be used for cali-
bration and operation. The regulation of 

installation 
The instrument is now ready for use. 

The sensing diode may be placed re-
motely from the instrument. Long leads 
to the diode will have little effect on 
calibration. Thus the instrument is useful 
for measuring temperature in inaccessible 
places. 

A suggested application would be a 
monitor for the TV sweep tubes used in 
many modern transceivers. These tubes 
can get pretty hot during prolonged 
key-down conditions in the cw mode. 

reference 
Don Nelson, W B 2 E G Z , "What's This We 

Hear About Op Amps?", ham radio, November, 
1969, pp. 6-23. 
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Inside the PW station 
in L o s A n g e l e s , 
August 1903; Mr. 
Krenke on watch. 
The knife switches 
and "bug eye" meter 
were typical of a 
p o w e r f u l wireless 
plant. 

catahna 
1902 

Another g l i m p s e 

into the ear ly d a y s 

of r a d i o 

by an old timer 

who knew 

the o ld timers... 
<D 
C 

'C k. re § 
T3 
111 

wireless 

Researching early wireless history is a 
part of ham radio I enjoy very much. It's 
a real challenge, because many events 
pertaining to new installations were not 
recorded in print. Newspapers didn't give 
much coverage to new wireless plants, 
probably because they were considered 
just another business venture without 
much news value. 

Tracing the history of wireless com-
munication calls for detective skills and 
infinite patience. To find really early 
information, one must talk to the oldest 
operator one can find, who might have 
talked to the oldest operator in his time. 
This takes a lot of digging and leg work, 
but results are rewarding if one has a soft 
spot in his heart for the early wireless 
pioneers. 

Anyone who operated one of the very 
early stations is now nearing the century 
mark. He would be called an 0 0 0 T , or 
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Olde, olde, old timer. In descending order 
of venerability, early operators might be 
classified thus: 

OOOT 1900-1910 
OOT 1910-1920 
OT 1920 - 1940* 

detective work 

One of the earliest wireless circuits I'd 
heard about was established by the Paci-
fic Wireless Telegraph Company around 
the turn of the century. I t was between 

work in cross-country communications 
on the "short" waves. Howard has since 
passed away, but he provided me with 
some good clues about the old PW station 
and some of the operators. As a boy, 
Howard used to hang around the PW 
station at 7th and Alameda in Los 
Angeles. He recalled a PW operator by the 
name of A. F. Krenke, who gave gener-
ously of his time and knowledge to help 
6EA get started in wireless. 

Howard also remembered that Mr. 
Krenke had moved to San Diego, where 
he operated a station for PW until about 

PW technicians winding a heiix coi l for the Mt. Tamalpa is station; Mr. K r e n k e at far left. C loth 

stacked in corner was applied over each layer of wire and coated with shellac. Process was not un-

like that used for making today's surfboards with fiberglas. 

Los Angeles and the city of Avalon on 
Catalina Island, which is about 30 miles 
off the California coast. 

My quest for historical data on this 
installation took me through the Los 
Angeles Times' morgue, the public 
library, and the Avalon Chamber of 
Commerce. As I said, nothing of signifi-
cance was in print so I kept looking. 

The trail finally led to Howard 
Seefred, 6EA. Historians wil l recall 6EA's 
contributions to the early ARRL relay 

'The nonlinearity of the time scale after 1920 
reflects the growth of the state of the art. 
Editor. 

1916. With this information, I contacted 
old-time Navy operators and early hams 
in the area in an attempt to find Mr. 
Krenke. As if by a miracle he was located, 
and with a steady hand he described his 
part in the drama of early wireless in 
Southern California. This is his story. 

early circuits 

The Marconi circuit between Catalina 
Island and Los Angeles was installed in 
1902. The power of the press was aug-
mented by that of the 5-kW straight gaps 
of the PW stations. News items trans-
mitted over this circuit were published in 
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the Avalon paper. The Jefferies-Fitz-
simmons fight results, for example, 
appeared in print hours before the news 
arrived by steamer from the mainland. 

During the first few years of opera-
tion, the mainland PW station was located 
at San Pedro (15 miles or 15 minutes via 
the freeway today from downtown Los 
Angeles). In February 1905, the San 
Pedro plant was moved to 7th and 
Alameda after it was determined that 
messages could be sent the extra distance. 

more detective work 
The first criminal case to be solved 

with the aid of wireless was recorded 
during the first year of operation of the 
PW circuit. Seems that two fellows left 
Avalon on the steamer with the cash and 
some liquid goods from the Hotel Metro-
pole bar. The hotel manager, anxious to 
try the new wireless (and retrieve the 
loot), sent a message to the San Pedro 
police department. 

\ 

Catalina Wireless, 1903. It's still a DXer's dream 
location. Mast was 70 feet high and supported a 
Marconi antenna. 

The San Pedro police were waiting at 
the dock when the steamer arrived from 
Avalon. The culprits were apprehended, 
much to their amazement and chagrin. 
The cash was returned to the hotel 
manager, but the bottled goods somehow 
disappeared en route. In any event, this 
seems to be the first recorded evidence of 
public service by wireless telegraphy. 

help wanted 
During this period, Mr. Krenke was a 

telegraph operator for the Southern 
Pacific Railroad at the Lone Palm Tree 
Watering Station (now known as Palm 
Springs). 

Mr. Krenke went to Los Angeles 
shortly after the robbery and was fas-
cinated by the excitement of wireless' 
contribution to law enforcement. Such 
events helped to increase business for PW, 
and they were looking for another opera-
tor. Mr. Krenke applied for the job and 
was assigned to the Avalon station, where 
he worked for about two years. 

catalina wireless 
The Avalon station was on a hill above 

the dance casino (now the St. Catharine 
Hotel). Operating technique wasn't as 
polished as it is today. At the end of a 
transmission, for example, the operator 
had to shut down the motor generator so 
he could copy the message from Los 
Angeles. If he missed a word or two 
(which was not uncommon), he had to 
start up the gasoline engine that ran the 
generator so he could ask the Los Angeles 
station for "fills", as they were called. 
Such was break-in operation in those 
days. It was slow—but who hurried in 
1903? 

the wireless news 
A synopsis of the Los Angeles Times 

was transmitted to Avalon each day, 
amounting to about 600 words of press. 
The news, hot off the crudest of re-
ceivers, was typeset and printed in 
Avalon. The paper was called the "Wire-
less News" and sold for ten cents. A mint 
copy of this publication would be worth 
a great deal today. 
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Mr. Krenke, chief operator, Catalina Wireless, 
1903. Blackboard at left announced incoming 
messages for the locals. 

business expansion 
The Pacific Wireless Telegraph Com-

pany had big plans. Management made 
the decision to install a powerful station 
on Mt. Tamalpais, near San Francisco. 
The idea was to send messages all the way 
to Honolulu, an ambitious dream in 
1906. 

A construction crew from PW first 
installed a station in the Merchant's Ex-
change building, with offices on the 14th 
floor, in downtown San Francisco. Then 
a station and antenna tower were in-
stalled on Mt. Tamalpais. 

On April 18th, 1906, an earthquake 
rocked San Francisco. The tower on Mt. 
Tamalpais came down, and the station 
was completely wrecked. This dashed the 

•This was supposedly the result of work by one 
Charles Hatfield, an itinerant rainmaker, who 
was hired by the San Diego City Council to end 
a long drought. Hatfield never collected his 
$10,000 fee, because the flood was considered 
an "act of God". Litigation by Hatfield's 
descendants is still pending in San Diego courts. 

hopes of the company that tried so 
hard — and the date of wireless communi-
cation between California and Hawaii was 
set back many years. 

wireless san diego 
Out of the San Francisco wreckage of 

1906 emerged a new wireless company. It 
was called United Wireless and Telegraph, 
and was founded in 1908. Mr. Krenke 
worked for UW at their station in San 
Diego. The UW plant was installed on the 
Granger Building at 5th and Broadway, 
San Diego. This venture didn't last long, 
and Mr. Krenke again found himself out 
of a job. He delivered groceries for awhile 
to make ends meet, then he heard rumors 
of a new wireless station to be installed in 
San Diego. But I'll let Mr. Krenke finish 
the story.: 

" I 'd heard that the Federal Wireless 
and Telegraph Company was interested in 
establishing a station in downtown San 
Diego. I considered the possibility of the 
U. S. Grant Hotel as a site. The hotel 
manager, a Mr. Holmes, was sympathetic 
to the idea, and we wrote to the Federal 
Wireless Company in San Francisco. 

"To make a long story short, I was 
hired by FWT's chief engineer and was put 
in charge of the station. I installed the 
antenna system. The transmitter was a 
Poulsen arc, which was powered by a 
500-watt dc generator. I hired a messen-
ger boy and was in business. 

"After about five years (I'm not sure 
of the date, but I think it was 1915) a 
terrific storm hit San Diego. Heavy rain 
caused a dam to break, which created a 
flood that destroyed thousands of dollars 
worth of property.* San Diego was iso-
lated except for the wireless station. 
During this terrible storm, my station 
handled Western Union and Postal Tele-
graph traffic in addition to our regular 
work. I stayed at the key for three days. 

"There's little left to tell. I was sworn 
into the U. S. navy in 1917 and operated 
radio NPL on Point Loma. After World 
War I, I worked as a civilian operator in 
San Francisco, ending a half century as a 
wireless operator." 

ham radio 
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v a r i a b l e b a n d p a s s 

audio filter 

O n e s o l u t i o n to 

th e rece iver 

select ivi ty p r o b l e m 

is this RC f e e d b a c k system 

f e a t u r i n g 

v a r i a b l e b a n d w i d t h 

to less than 5 0 Hz 
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Many articles have been written to pro-
vide a solution to the selectivity problem 
existing in some popular amateur trans-
ceivers and older receivers. Most of these 
designs use a passive LC filter employing 
surplus toroids in a resonant circuit. The 
filter is usually an add-on device con-
nected in the audio circuit. 

While this is an acceptable approach, it 
does have some disadvantages. The 
resonant circuit at audio frequencies is 
bulky, and it's difficult to obtain high Q 
for good selectivity without some ringing. 

Selective filters using RC feedback to 
obtain high Q without ringing haven't 
appeared often in the amateur literature. 
This article presents an effective solution 
to the selectivity problem using RC feed-
back techniques and provides some 
theory on basic principles. If you'd rather 
skip the theory, you can build the circuit 
shown in fig. 6, plug it in, and enjoy 
excellent variable bandwidth in a filter 
centered at 500 Hz. 

RC feedback networks 
Passive elements in an appropriate 

circuit will yield voltage gain. Consider 
fig. 1, in which three resistors and three 
capacitors are connected in series-parallel. 
If C1 = C2 = C3 and R1 = R2 = R3, the 
network will resonate at a frequency Fo = 
65/CR, where C is in microfarads and R is 
in kilohms. Applying an ac signal to 
terminals 1 and 2, a signal loss will occur 
at terminals 3 and 4. But at Fo, the signal 
at terminals 3 and 4 will be 180 degrees 
out of phase with the input signal. This is 
very important, as discussed later. 

three-terminal analysis 
If the signal at the output were 10 

times less than the input signal, the 
network would have a loss factor of 10. 
Another way of saying this would be that 
the beta (as in transistors, for example) is 

C2 

-K- - O 3 

CO 
>• 

(Q 
o 

2 O -

fig. 1 - R C 180-d egree phase-shift n e t w o r k . 
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equal to 0.1 at 180-degrees phase shift. 
The network could then be represented as 
in fig. 2, which is simply a three-terminal 
black box. If, as shown in fig. 3, a 10-V 
p-p signal were applied to the input, the 
output would be 1 V p-p precisely 

fig. 2. Three- termina l equiva lent 
of the R C ne twork . 

p -- o i /!ao° 

180-degrees out of phase with the input. 
When the input wave reaches a maximum, 
output would be minimum, and vice 
versa. 

Now consider something quite inter-
esting. If a voltmeter were connected 
across terminals 1 and 3 and we consider 
only one instant of time in the ac 
waveform of fig. 3, that instant will be 

fig. 3. R C ne twork i n p u t / o u t p u t 

re lat ionship. 

l o 

the precise point at which the input 
reaches a maximum of 10 volts and the 
output reaches a minimum of -1 volt, 
since the output is 180 degrees out of 
phase with the input. Looking at fig. 4, 
we see that input and output ac signals 
have been replaced by two batteries 
representing the selected instant of time. 
Hence, a 10-volt battery represents the 
peak input, and a 1-volt battery the 
phase-reversed output. 

voltage gain 

The really interesting feature is that a 
voltmeter connected across terminals 1-3 
will indicate 11 volts. This is a higher 
voltage than either input or output be-
cause it is the sum of these voltages. For 
every point on the ac wave, the voltage 
across terminals 1-3 will always be greater 

than that across terminals 1-2. The reason 
is that the phase shift causes the output 
at terminals 1-3 to be the sum of voltages 
from terminals 1-2 and 3-2. A voltage 
gain therefore exists at terminals 1-3 with 
respect to terminals 1-2. 

To take advantage of this gain,, we 
select 1-2 as the input as before, but take 
our new output from 1 -3, as shown in fig. 
5. Thus, we have created an ac trans-
former of sorts that has a voltage step-up, 
but at only one frequency: that at which 
180 degree phase shift occurs. 

RC audio filter 

A selective audio filter may be created 
by connecting the phase-shift network 
around an amplifier so that the network's 
voltage gain is utilized. If the product of 
the amplifier gain, K, and the new net-
work's beta, B, is greater than unity, the 
circuit will oscillate. However, if K is 
made less than unity, the circuit won't 
oscillate but will have an extremely high 
Q at the feedback network's resonant 
frequency. The system's bandpass will 
become narrower as the product of B and 
K approaches unity. 

To implement this idea, it's necessary 
to find an amplifier with less than unity 
gain. An emitter-follower fills the bill 
quite well, since its K is 0.98 typically. 
Fig. 6 shows the RC network connected 
in the voltage-gain mode around the 
emitter-follower. R6 controls feedback to 
a point below where oscillation would 

fig. 4. V i e w of the ne twork at one 

instant of t ime. 
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occur. Thus, R 6 provides a means of 
controlling bandwidth. 

Y o u might wonder what happened to 
the third resistor in the phase-shift net-
work. It is still there, but as a virtual 
resistor composed of a parallel combina-
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fig. 5. R e c o n n e c t i n g the input and o u t p u t to 
y ie ld vol tage gain. 

tion of all the resistance at the transistor 
base, and B times all the resistance at the 
emitter. In network notation, the virtual 
resistor consists of 

R31 R7 |j B (R10 j) R 8 + R9) 

The bias is obtained through R7, 
which provides dc bias as well as a small 
amount of degenerative feedback for 
stability. 

tion is needed because the voltage at C1 
must be kept to a few hundred millivolts 
p-p to avoid over-loading the circuit. 

Higher inputs will cause some loss of 
selectivity. Resistors R1 and R2 may be 
selected to reduce the audio from, say, a 
receiver's headphone output to the 
proper level. Typical values of R1 and R2 
would be about 2K and 200 ohms re-
spectively. 

construction and operation 
Construction isn't critical, but care 

should be taken to separate input and 
output circuits, and the supply voltage 
should be well bypassed at audio fre-
quencies. Typical supply voltage would 
be 6-15 volts dc; a 9-volt transistor 
battery could be used. 

Varying R6 will allow a passband 
between several hundred Hz to less than 
50 Hz for copying cw signals. If R6 is 

8+ 

fig. 6. V a r i a b l e b a n d w i d t h selective a u d i o f i lter. C a p a c i t o r C 5 is a t a n t a l u m e l e c t r o l y t i c ; other capa-

c i tors are disc c e r a m i c . T r a n s i s t o r Q1 is any smal l -s ignal npn transistor . T h e a m p l i f i e r c a n be any in-

expens ive a u d i o a m p l i f i e r I C . 

the second amplifier 
The amplifier shown as a block in fig. 

6 may be any of the inexpensive, com-
mercially available audio amplifiers in 
potted form, a microcircuit, or a simple 
home-built audio stage. Some amplifica-

operated near the shorted-out point, the 
circuit will oscillate. 

Considering the circuit's simplicity and 
the excellent results, this seems to be an 
easy way to obtain audio selectivity for 
true single-signal reception. radio 
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If you would like to boost your signal on 
432 MHz (and who wouldn't?), this 
amplifier will do the job with only 4 
watts of drive. It provides 100 watts 
input on cw and ssb and 65 watts on a-m. 
A variable bias control allows instant 
selection of class C or AB1 operation. A 
type 5894 tube is featured. The 5894 
performs well in the 400-MHz band and is 
available at reasonable cost from dealers 
in used uhf equipment. 

the circuit 
The tuned-circuit elements are con-

ventional. A % wavelength grid tank and 
series-fed push-pull %-wavelength plate 
tank are used. The circuit is shown in fig. 
1. Bias can be varied from -60 to -28 volts 
for Class C or AB1 respectively. I've had 
no problems with parasitics or self-
oscillation on either mode. 

construction 
A 9 x 7 x 2-inch chassis accommodates 

all components, including transformers 
and bias supply. Construction details for 
grid and plate lines, as well as for the 
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plate tuning capacitor and output link, 
are shown in fig. 2. 

Shielded wire is used below chassis to 
min imize stray coupling. Coupling 
between input link and grid tank should 
be fairly close. The loops should be 
spaced about 3/16 inch. 

The 5894 socket preferably should 

the d iode to a 0-200 microammeter. (I f 
you use a 0-1 milliammeter, the pickup 
wire length will have to be increased to 
about six or eight inches.) 

Decrease plate and screen voltage to 
about 300 and 150 volts, and tune the 
amplifier for maximum output into the 
50-ohm load. Disconnect the dummy 

NOTES 

L I , 2 , 3 ARE NO. 12 WIRE 

L4 IS OI6 FLAT BRASS 

RFC IS MILLER 120 

I " ' 
I2.6VCT 

®f 

200 

—/wv-
3 3 * MODULATION 

+225 (REG) + 6 0 0 

fig. 1. Comple te circuit details for the 4 3 2 - M H z 
rf power ampl i f ier . Screen and f i lament by-
passes may be built into socket. Idle plate 
current 4 0 m A normal; 100 m A peaks on ssb. 

have built-in bypass capacitors. A con-
ventional socket will work, however, if 
the leads to the socket bypasses are short. 

tuning and adjustment 
You won't have any difficulty tuning 

the amplifier if inductance dimensions are 
followed. Some kind of output-power 
indicator is required. If you don't have an 
in-line swr/power meter, an acceptable 
indicating device can be made as follows. 

Sew about two inches of enamelled 
wire beneath the output coax cable 
shield. Terminate one end of the wire in a 
noninductive 50-ohm load on the end 
toward the antenna. Connect the other 
end of the wire to a 1N34 diode. Bypass 
the diode, and connect the other end of 

ALUMINUM VERTICAL' 
SUPPORT, 1.25' WIDE 

load, connect your antenna, apply full 
power, and you're in business. 

After initial adjustment, little or no 
retuning will be necessary unless a fairly 
large change in operating frequency is 
made. 

My 5894 amplifier has been operating 
for several months and has put a signal 
into the fringe areas over 100 miles away 
across several mountain ranges. 

ham radio 
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Having obtained only limited results 
trying to improve the performance of 
commercially designed electronic equip-
ment, I came to the conclusion that the 
designers knew what they were doing all 
along. Even so, the temptation to modify 
equipment is hard to resist, and my latest 
modification attempt resulted in a 13-dB 
improvement in strong-signal-handling 
capability of the 75A-4 receiver. How-
ever, this was achieved by second-guessing 
Collins engineers some fifteen years after 
the set had been marketed! 

A recent book on ssb techniques indi-
cates that a substantial improvement in 
receiver overload response can be ob-
tained by reworking the mixer circuits.1 

Those interested in the subject are urged 
to obtain a copy of this work. 

I decided to modify my 75A-4 because 
several nearby stations caused front-end 
overload. This causes a decrease in weak-
signal strength, even though the inter-
fering signals are 25 to 50 kHz away. It's 
all but impossible to copy a weak cw 
signal under these conditions. 

The remedy is easy: about five dollars 
worth of parts and a little time. Here's 
how to do it. 
primary work 

First replace marginal tubes, then align 
the receiver. Overload response may be 
checked using the setup in fig. 1. Set 
signal generator 1, representing the de-
sired signal, to 3 microvolts at 14,050 
MHZ. Turn the receiver avc off and the 
bfo on. Now increase generator 2's level 
(at 14.025 MHz) until the desired signal, 
measured by the vtvm, decreases by 3 dB. 
This will require about 13,000 micro-
volts. All subsequent measurements are 
referenced to this level. 

fig. 1. Test circuit for measuring effectiveness 
of receiver modif ications. 
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first mixer modifications 

Replace the 6 B A 7 first mixer with a 
12AT7. The modifications, fig. 2B, re-
quire only one 470-ohm Vz-watt resistor 
and the 12AT7. Remove R14, R15; C35, 
C36. Revise the heater circuit as shown. 

Next replace the 100-pF coupling 
capacitor with a 15-pF silver mica, then 
connect another 15-pF silver mica 
between grid and ground. This forms a 
capacitive voltage divider that reduces 
signal level to the first mixer grid. (The 
photos show a modified and unmodified 
set; actually, these are photos of two 
different receivers.) 

After these changes have been made, 
peak the mixer grid and crystal-oscillator 
circuits for each band; also peak the 
mixer plate circuit. Only the capacitors 
should be peaked: C23, C26, C28, C30, 
C31, C32 and C17 in the mixer grid and 
C53 in the plate circuit. 

The high-frequency crystal oscillator 
tuned circuits must also be retuned. Peak 
the tuning slugs on L 1 1 through L17. 
Until the oscillator has been peaked, 
you'll probably find that the 21-MHz and 
higher-band crystals won't oscillate. 

After the first mixer has been modi-
fied, a 24,000 microvolt signal will be 
required to cause a 3-dB decrease in the 
desired signal. I made this test before the 
two 15-pF capacitors were installed. 

F,asr M.xr» 
V3 

6BH7 

rtftsr mxat 
ISATT 

fig. 2. The 7SA-4 first mixer before modifica-
tion, A , and after, B. New parts consist ol the 
12AT7 and the 470K resistor. 

second mixer modifications 
The next step is to replace the 6BA7 

with a 6DJ8. Before and after circuits are 
shown in fig. 3. The new tube plus four 
new parts are required: a 1k, 1.2k and 
3.3k VS-watt resistor and an 820 pF silver 
mica capacitor. If you can't find an 820 
pF capacitor, anything between 680 and 

Wiring of unmodified 75A4 first mixer. Modif ied first mixer; note reduced number of parts. 
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fig. 3. The 7SA-4 second mixer. Original circuit 
is shown in A ; modifications in B. Only five 
new parts are required for the change. 

1000 pF will do. Remove R24, R25 and 
C59. Heater wiring is unchanged in this 
circuit. Complete the revision shown in 
fig. 3B. Peak the grid input circuits by 
tuning C56. Do not change inductor 
tuning. 

After making the changes to the 

second mixer, check receiver performance 
again. A 40,000 microvolt signal from 
generator 2 will.be required to reduce the 
desired signal by 3dB. 

final checks 
In my receiver, the capacitive voltage 

divider was installed after modifications 
to the second mixer. A final check showed 
that an undesired signal of 60,000 micro-
volts was required to reduce the desired 
signal by 3 dB (voltage ratio of 4.5). 

conclusions 
Measurements at 28 MHz showed an 

improvement of 3 dB in signal-plus-noise 
ratio. Over-all receivers gain was somewhat 
lower, but this was more than compen-
sated by the receiver's response to weak 
signals in the presence of local signals. 
More than enough gain was still available, 
however. 

A type 6922 tube can be used instead 
of the 6DJ8. The 6922 has the same 
characteristics as the 6DJ8 but costs 
about three dollars more. 

The modifications described are easily 
applied to the Collins 75A-4 receiver. The 
improvement in performance is well 
worth the investment in time and money. 

references 
' Pappertfus, Breune, and Schoenike, "Single 

Sideband Principles and Circuits," McGraw-Hill, 
Inc., New York. 

ham radio 

Unmodified 7 5 A 4 second mixer. Component layout of modified second mixer. 
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direct-reading 

capaci tance 
meter 

A n e a s i l y bui l t 

i n s t rument 

w i th m a n y u s e s 

a r o u n d you r s tat ion 

UJ 
Z) < 
CN 
N 
c» 
c 
^ 
v. ta 

The instrument described here evolved 
from a bench lashup I used for measuring 
small values of capacitance. The original 
circuit used a cross-coupled multivibrator 
to provide the required square wave. I 
developed the present circuit to avoid 
complicated switching and to minimize 
the number of parts. 

The meter has six ranges. The lowest is 
0-10 pF; the highest is 0-1 /uF. The scale 
is linear, and if the timing capacitors are 
chosen carefully, the meter should have 
at least 5 percent accuracy. This is better 
than the tolerance on many capacitors 
between 1-100 pF. 

features 

I've found this instrument to be in-
valuable for measuring: 
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1. Tuning capacitance-maximum and 
minimum values 

2. Coax cable capacitance 

3. Feed-through capacitance values 
(important at vhf) 

4. Circuit strays 

5. Capacitors with obliterated mark-
ings 

6. Junction diode reverse capacitance 

The instrument is also useful as a 
square-wave source for test purposes. 

operating principles 

If a square wave is applied to a 
capacitor and resistor in series, and if 
their time constant is much shorter than 

integrator. The meter also provides the 
resistance for the differentiator. This 
being the case, a 0-100 microameter was 
chosen, because its high resistance (in this 
case 10k) made for easy differentiation of 
small capacitances at a relatively low 
square-wave frequency. This should be 
born in mind if you wish to use a meter 
wi th a lower sensitivity. 

On the other hand, the largest capaci-
tance that can be measured with a low 
square-wave frequency is limited by 
needle j itter. The meter's integrating 
effect decreases as you approach dc. 

design 

Initial mockups of the circuit used a 
unijunction transistor to generate a saw-
tooth wave that was applied to a l imiting 

f ig . 1. C a p a c i t a n c e m e t e r s c h e m a t i c . R 1 adjusts o u t p u t of s q u a r e - w a v e g e n e r a t o r Q 1 , Q 2 . T r i m p o t s 

R 6 - R 1 0 ad jus t t i m i n g c a p a c i t o r s C 1 - C 6 during c a l i b r a t i o n , t h e n r e m a i n f i x e d . I n s t r u m e n t s h o u l d pro-
v ide a t least 5 p e r c e n t a c c u r a c y . 

the square wave's period, the combina-
tion acts as a differentiator, which pro-
duces a sharp voltage spike. If these 
spikes are integrated, a voltage will be 
developed that has a linear relationship to 
the square wave's period if the period is 
varied over a small range. 

If, instead of varying the square wave's 
period, the differentiating capacitor's 
value is varied over a limited range, a 
similar effect occurs wherein the in-
tegrated voltage bears a linear relationship 
to the differentiating capacitance. 

practical considerations 

In practice the unknown capacitor 
provides the differentiating capacitance, 
and the meter movement acts as an 

amplifier. The problem with this scheme 
was that, at the higher frequencies, in-
sufficient output was available from the 
transistor at hand to drive the limiting 
amplifier. 

In practice it proved less expensive to 
use the transistor pair in fig. 1, and it was 
also easier to adjust this combination for 
optimum waveform. It was pure coinci-
dence that the timing capacitors corre-
sponded to the maximum capacitances of 
the various ranges. The pre-set pots in 
series with the meter on each range are 
for very fine adjustment only. Too much 
resistance here will disturb the linearity 
of each range. If the calibration can't be 
brought within range with the pots, then 
the timing capacitors must be altered. 
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construction 
A l l components except the range 

switch, pushbutton switch, and meter are 
mounted on a PC board. The printed 
circuit was masked-in with a marking pen 
applied directly onto the laminate board. 
Unwanted copper was etched away with a 
concentrated solution of ferric chloride. 
The board was floated on the solution. 
Etching took about an hour at room 
temperature. 

When completely etched, the board 
was thoroughly washed and dried. Re-
maining marking-pen ink was washed off 
with isopropyl alcohol; methyl alcohol 
wil l work as well. 

The battery terminals were salvaged 
from an old type 216 transistor-radio 
battery. They were mounted directly on 
the circuit board with the other com-
ponents. The measurement terminals 
were made by soldering small alligator 
clips to banana plugs. Sockets were 
mounted through a piece of lucite. They 
are spaced '/z-inch apart. A hole was cut in 
the top of the instrument enclosure to 
clear the terminals by VA inch. 

calibration 

Calibration accuracy is determined by 
the tolerance of the timing capacitors. If 

" T e n bucks for (he crystals 

and 50 ccnts for the rig," 

Parts layout . Chassis is an easily made etched 
PC board, descr ibed in the text. 

possible, choose values in the middle of 
each range, and adjust for correct 
readings with the trim pots. 

If calibration can't be obtained with 
the tr im pots, then the t iming capacitors 
wi l l have to be adjusted. As a further 
check, use a capacitor that gives a full 
reading on one range. Then the meter 
should read only 10 percent of the 
next-higher capacitance range. 

operation 

When measuring a capacitor, set the 
range selector to the highest range for a 
start. If the capacitor under test is larger 
than the range maximum, the capacitor 
wil l act as a low-impedance coupling 
between the drive transistor and the 
metering circuit, thus overdriving the 
meter. 

The maximum current through the 
meter qn the lowest capacitance range, 
when a ferge-value capacitor is connected, 
is 3 m A . If the terminals of the instru-
ment are short-circuited, the current will 
be only 60 microamps. This is because 
Q 4 ' s co l l e c t o r wi l l be effectively 
grounded through the metering diode. If 
the meter tends to read in a reverse 
direction, this indicates a leaky capacitor 
being tested. 

The instrument is powered by a 9-volt 
transistor battery. Current drain is about 
20 mA, but battery life should be good 
since a pushbutton switch connects the 
battery only when required. 

ham radio 
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24-hour 

digital 

electronic clock 
interesting in building an all-electronic 

digital 24-hour clock? With some of the 
new inexpensive digital integrated circuits 
that are on the market you can put one 
together for less than $230if you buy all 
new parts. When Motorola Semiconductor 
announced their MC780P decade counter 
and MC9760 decoder a few months ago, 
it was like putting a good nickel cigar on 
the market. This clock is designed around 
these ICs, as is the optional built-in ten-
minute timer shown in fig 2 Further cost 
savings resulted by using Burroughs B-
5750 Nixie tubes-just about the most 
inexpensive readouts available. 

Although a 24-hour clock is easier to 
build than a 12-hour version, all of the 
ingredients for a 12-hour version are in- to 
eluded in the 24-hour clock with the ex- < 
ception of a couple of low-cost gates. 2 

In the 24-hour clock, fig 1 , the "se- -Q-
conds" and "minutes" section count to j5 
60, and then reset to zero. At the end of IS 
each hour a pulse is transmitted to the w 
decade counter in the "hours" section. ° 
This continues until 23 hours, 59 min- c 
utes, and 59 seconds (23:59:59). The £ 
next pulse from the clock generator in o 

the power supply resets the "seconds" 
and "minutes"counters to zero, and ad-
vances the "hours" section to 24. The 
number "24" is recognized by the de-
coder made up of gates G1 and G2, trig-
gering the Schmitt-trigger circuit that re-
sets the "hours" section to zero. 

clock pulse generator 
The power supply and clock pulse gen-

erator are shown in fig 3 The one-se-
cond pulses are derived from the ac 
power line. The 60-Hz line signal is ap-
plied to fhtegrated circuit U1 which is 
connected as a Schmitt-trigger: the out-
put is a fast-rising pulse that is used to 
trigger the divide-by-six counter, U2; in-
tegrated circuit U2 drives a divide-by-ten 
stage, U3. Switches S1, S2 and S3 are 
used to select a divided output so the 
clock can be quickly set manually. Ca-
pacitor C1 suppresses spikes on the line 
and keeps rf energy from falsely trigger-
ing the solid-state circuitry. The output 
of the divide-by-ten counter is buffered 
by one half of U1. 

A regulated supply of 3.9 volts is re-
quired for the ICs; the 170-volt output 
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SECONDS 

fig. 1. C o m p l e t e c ircuit diagram of the all-electronics digital 24-hour c l o c k . 

is for the readout tubes. This should be 
checked closely after the power supply 
is put together because resistors R1, R2, 
R5, R9, R10 and R18 were designed for 
170-volt operation. The MC9760P will 
handle 70 volts, but it's best to start with 
the voltage on the low side (with dimmer 
readouts) than to zap the expensive in-
tegrated circuits. 

construction 
Etched circuit boards are used through-

out the clock shown in the photographs.* 
The completed circuit boards are moun-
ted in a 13x7x2-inch aluminum chassis. 
On one side a rectangular cutout, VA by 
8% inches, allows the readout tubes to 

be seen. A thin sheet of tinted plastic 
covers the front of the clock. The switches 
for setting it are mounted on the rear 
deck next to the ac line cord. 

The colons between hours, minutes and 
seconds are formed by miniature neon 
lamps, their bodies painted except for 
the tips. The wire leads to the lamps are 
left about two inches long, and formed 
to hold the lamp in the correct position. 

'circuit boards for this clock are avaiable from 
Stafford Electronics, Inc., 427 So. Benbow 
Road, Greensboro, North Carolina 27401. 
Clock board, DCU-700, $12.50: power supply 
board, DCU-720 $2,75; 10-minute timer board, 
DCU-721, $3.00. A complete kit of electronic 
parts for a 24 hour dock (less 10-minute timer) 
is $230.00. 
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MINUTES HOURS 

circuit variations 
If you want 12-hour operation instead 

of 24, make the following circuit changes: 

1. Remove R11, Q2 and U20. 
2. Cut leads 2 and 7 on G1 and put a 

strap between these two points. 
3. Remove the strap from pin 12 of 

Q+SOV 

PL9B3 6 Iffcserl 
f ig. 2. O p t i o n a l 1 0 - m i n u t e t imer m o d u l e 

that c a n be bu i l t i n to the c l o c k . 
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U16 and the reset line, and the strap 
between pine 14 and ground. Connect 
a strap between pin 12 of U16 to pin 
1 of G3 and connect pin 14 of U16 to 
the reset line. 

Hz power, this clock can still be used. 
Simply convert the divide-by-six counter 
in the power supply to a divide-by-five 
stage—tie pin 14 of U2 to pin 3 and re-
move R8. 

O ITOVDC 

+ 3 9V0C •O 

fig. 3. Power supply for the all-electronic 24-hour clock. 

4. Add a 0.1 /uF capacitor from pin 7 of 
G3 to ground. 

With these changes, when pins 6 and 7 
of U11 are at zero (indicating one), then 
pins 1 and 6 of G3 go high, resetting U16 
to "1 " and U19 to zero; the clock now 
reads 1:00:00. 

If you're overseas, and serviced by 50-

After seeing a clock of this type in 
operation, you're practically compelled 
to build one. It's guaranteed to stir up 
some chatter at your wife's next bridge 
party! One of its big advantages over that 
mechanical monster you're now using is 
quietness—but it's also easy to read, good 
looking, accurate and different. 

ham radio 
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d u m m y load 
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rf wattmeter 
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The advantage of using a dummy load for 
rf tests are many. No interference is 
created, and station identification isn't 
required for prolonged test periods. If the 
dummy load contains a calibrated meter, 
you can measure rf power with good 
accuracy. 

Most hams have dummy loads that will 
handle a kilowatt. While these are fine for 
their intended purpose, most won't pro-
vide accurate readings at power levels of 
25 watts or less. 

The unit described in this article is a 
highly accurate dummy load and rf watt-
meter that can be used for testing low-
power transmitters. Two versions are 
described: one is limited to 11 watts, and 
the other is good for 25 watts. Essential 
components cost less than two dollars. 
The enclosure, connector, and handle 
bring the total cost to less than four 
dollars. Sound intersting? 

11-watt load 

My original load used eleven 2-watt 
resistors in parallel. To save a buck, I used 
ten compostion resistors, each 560 ohms, 
and one 680-ohm resistor. These are rated 
at 2 watts, 10 percent tolerance. I chose 
them because they're widely available and 
cost less in quantities of ten units. 

The resistance of this d u m m y load is 
51.73 ohms, which provides a good 
match for popular coaxial cables. Power 
capacity is limited to 11 watts. This is 
because composition resistors should not 
be used at more than 50 percent of their 
power rating, otherwise their resistance 
will change, which will degrade the 
accuracy of the wattmeter. 

I mention this for those who might 
wish to build a very low-power unit with 
readily available resistors. The schematic 
of fig. 1 can be used, substituting the 
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composition resistor bank for R (see 
photo). 

25-watt load 
Better resistors will allow rf power 

measurement^ up to 25 watts. The better 
units turned out to be another of those 
surplus bargains that appear from time 
to-time." I ordered two of these and 
connected them in parallel to obtain 50 
ohms. 

In an earlier project I used the 25-watt 
version of these resistors in a dummy 
load.' Four resistors, each 50 ohms, were 
connected in series-parallel. The CGW 
resistors can be extremely overloaded and 
will retain their accuracy to a remarkable 
degree. The 25-watt units used in the load 
described in reference 1 have been sold 

rt "A 

tab le 1. D a t a for the C G W 2 S - w a t t res i s tor. 

SOZ39 

— 

« 
- W r o UNI 

nc 4 4? rn£fiM<XXXJ(H.£ 
Dr 

f ig. 1. S c h e m a t i c o f the 2 S - w a t t d u m m y l o a d 

a n d rf w a t t m e t e r . R e s i s t o r is t w o 1 0 0 - o h m re-

s i s to r s in pa ra l l e l : each res i s tor 13 w a t t s , 1 % 

n o n - i n d u c t i v e t y p e . 

out. However, for those who may have 
some, the data provided in table 1 
should be helpful. I believe the overload 
characteristics with respect to permanent 
resistance change also apply to the 
13-watt units. 

thermocouple and meter 
These components are another "ham 

special" value.! Both units came from the 
BC-442 antenna tuning unit. They are 
first-rate, rugged, accurate components 
originally designed for military use. The 
dc meter has a nonlinear scale, a relatively 
expensive type of meter construction not 

•John Meshna, Jr., 19 Allerton Street. Lynn. 
Massachusetts 01904. Catalog listing: "Corning 
Glass Works, Tin-Oxide Film Resistors; 100 
ohms, 13 watts, 1% tolerance." Price: 35 cents 
each. 

TFair Radio Sales, P. O Box 1105, Lima. Ohio 
45802; $1,25 for both thermocouple and 
meter. 

t o l e r a n c e 

s t a b i l i t y 

o p e r a t i n g t e m p 

m a n u f a c t u r e r 

mar k i n g 

2 .S or 1 0 % 

less t h a n 1 % perma-

nent re s i s t ance c h a n g e ' 

2 5 ° C 

C o r n i n g G l a s s W o r k s . 

R a l e i g h , N . C . 

C G W R 3 5 2 5 W SO o h m s 

• W h e n o p e r a t e d at 10 t i m e s r a ted p o w e r tor 5 

s e c o n d s . 

generally associated with amateur equip-
ment. This gives an expanded scale at the 
low end, and rf output as low as 2 watts 
can be measured. 

My experience with this meter and 
thermocouple has shown them to be 
highly accurate and dependable. This 
comes as no surprise when it's realized 
that these units had to withstand con-
stant vibration in flight, hour after hour, 
plus the many shocks in taking off and 
landing at some rugged air strips. 

construction 
Construction details are shown in the 

photos. The usual procedure of keeping rf 
leads short and direct should be followed 
in wiring this simple instrument. This will 
ensure a vswr of 1.1 or better throughout 
most of the amateur high-frequency 
bands. 

I n s i d e t h e w a t t m e t e r , s h o w i n g 

the C G W " R S e r i e s " res i s tors . 
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table 2. Cal ibration data. 

meter reading true rf amperes rf watts into 

117 VAC 
o 

51 ohms 

1 — 0.9 
2 — 1.8 
3 0.23 2.7 
4 0.2S 4.0 
5 0.335 5.6 
6 0.39 7.9 
7 0.46 11.0 
8 0.54 15.2 
9 0.64 21.4 

10 0.78 31.4 

AUTOTRAHSFOflKtEfl 
-cr o— 

DUMhff LOAD 
—rrn— — W-

fig. 3. Circuit used for calibration. A 
is a Weston model 433 ac ammeter; 
V is a S impson model 261 ac volt-
meter (see text). 

calibration 
The calibration data shown in table 2 

and fig. 2 were obtained with the setup 
shown in fig. 3. The wattmeter was 
calibrated at 60 Hz, using mirror-scale 
laboratory instruments: a Weston Model 
433 ac ammeter and a Simpson Model 
261 voltmeter. 

The voltmeter takes power, so I 
checked it against the Weston 433 before 
start ing the calibration procedure. 
Readings were checked going up and 
down the scale. Then a second check was 
made to ensure repeatability of the data. 

Note that the meter reading at 10 
(table 2) occurs when the resistors are 
operated beyond their maximum power 

Compos i t ion resistor bank used 
in the 11-watt unit. 

rating. No harm is done to either meter or 
resistors. A temporary effect was that the 
resistors changed value to 50.5 ohms, and 
the entire dummy-load resistance in-
creased to 51.5 ohms. The resistors re-
turned to their original value upon re-
moval of rf power. 

The 51-ohm resistance of the unit is 
due to the series combination of the 
resistors (50 ohms) and the thermo-
couple, approximately 1 ohm. Note that 
readings below 0.23 ampere are not valid. 

If you intend to use the instrument at 
levels above 15 watts for extended 
periods, some means of auxiliary cooling 
should be used. Removing the cover will 
also help. 

conclusion 
The amount of abuse the CGW re-

sistors will take staggers the imagination. 

10 14 IB 

POWER (WATTS) 

fig. 2. Cal ibration curve for the low-power wattmeter. 

For example, my old 200-watt load1 with-
stood a kilowatt for 5 seconds maximum 
without resistor values changing more 
than 1 percent (permanent change after 
cooling). By the same token, the smaller 
resistors, which have a nominal rating of 
26 watts per pair, could be run up to 260 
watts. 

A high-quality rf wattmeter, good for 
any power up to 25 watts, is not a bad 
investment for §4 and a pleasant hour's 
work. 

reference 
1 Neil Johnson, W20LU, " A 200-Watt 

Dummy Load for $2.00", 73 May, 1967, p. 66. 

ham radio 
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You can use a sweep generator to help 
you design interstage coupling trans-
formers and wind them with just the 
bandwidth you want. Or, if you tinker 
with ham T V , you'll need it to keep your 
receiver aligned. It's also a good trouble-
shooting tool when your ssb receiver |or 
any receiver, for that matter) has rf or i-f 
trouble. You can even watch the effects 
of age (or avc) on bandwidth. 

• lorry alien the instrument 

repair 
bench 

how to use a sweep 
generator 

Television repair technicians — the 
good ones — learn to use a sweep gene-
rator early in their careers. It's a must. 
There's no other way to align a T V set, 
because its i-f stages are stagger-tuned. 
That is, they're aligned to various fre-
quencies. It takes a sweep generator to 
show how they're tuned and the effect 
they have on the wideband television 
signal. 

But I've discovered an awful lot of 
hams don't understand a sweep generator. 
If you don't, read on. I'm going to 
explain it. 

Sweep generators for general use are 
scarce these days. Many new models are 
for television sweep alignment, and put 
only TV i-f and channel frequencies. But 
some general-coverage models are still 
available. Here's a list of those I've seen 
and used: 

El CO 369 
Heathkit IG-52 
Knight-kit KG-687 

The Knight-kit has a built-in marker 
generator; I'll explain its purpose, too, 
later. 

You can see what they look like in fig. 
1. These cover frequencies from about 
3MHz to 220 MHz, the high end of the 
vhf TV band. You can often use har-
monics of the dial frequencies up to 
nearly 900 MHz, with reduced output of 
course. Stability is usually critical at that 
high a harmonic. But the fundamentals, 
as you can see, encompass most ham 
frequencies. 

What, exactly, is a sweep generator? 

fig. 1. T w o sweep generators that are suitable for the amateur workbench. 
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fig. 2. H o o k u p for measuring 
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You'l l understand better as I show you 
what it does, but here's a brief de-
scription. 

An oscillator creates an rf signal at 
whatever frequency is set on the genera-
tor's dial. A sweep circuit in the generator 
is connected so it tunes the frequency of 
the main oscillator up and down, as if 
you were turning the dial above and 
below the frequency you first set it at. 
However, this sweep circuit is driven by a 
60-Hz signal from the power line, and it 
swings the oscillator frequency up and 

TRANSFORMER IS 
RESONANT AT 14 5 MM 

down 60 times every second. 
Suppose, for example, you set the dial 

for 14.5 MHz. The sweep circuit swings 
the oscillator above that and below it. If 
the generator is set to sweep 5 MHz, the 
oscillator is swung downward to 12 MHz, 
then up through 14.5 MHz to 17 MHz. It 
thus goes from center to one end, to the 
other end, and back to center, 60 times 
per second. The 5 MHz is called the 
sweep width and the 14.5 MHz is called 
the center frequency. The 60 Hz is called 
the sweep rate; that's the same on all 
service-type sweep generators. 

response curve 
Now for some principles of what the 

instrument is for. Let me review tuned 
circuits. They are the only reason you 
ever need a sweep generator. 

The most important characteristic of 
an LC circuit is the frequency it's 
resonant to. Second most important is 
how well it rejects nearby frequen-
cies — in other words, how sharp its 
resonance is. Together, these are the 
response of a tuned circuit. 

You can plot the response of any 
tuned coil-capacitor combination. You 
just feed in a lot of different rf signals, 
one at a time, and graph how the circuit 
responds to each one. The hookup is 
shown in fig. 2A, and the graph of results 
wi th one tuned circuit is fig. 2B. 

Here's how it's done. Tune the gener-
ator to whatever frequency makes the 
highest reading on the vtvm. Mark that on 
the center of the graph at the 100% line, 
and write the frequency directly below it 
along the bottom of the graph. This one 
happens to be peaked at 14.5 MHz. 

Then start slowly downward with the 
tuning dial of the generator. Above the 
14.25-MHz line, make a dot that repre-
sents the voltage that gets through the 
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transformer. Show it as a percentage of 
what the voltage is at peak. As you tune 
the generator on downward, make volt-
age-level dots at every 0,25-MHz incre-
ment: at 14.0, 13.75, 13.5, 13.25, 13.0, 
12.75, and 12.5 MHz. 

OSCILLOSCOPE 

broadband. The 6-dB points (half-way 
down) on its curve are at about 13.8 and 
15.2 MHz. Its 6-dB bandwidth is approxi-
mately 1.4 MHz. At and below 13 MHz, 
response is nil; and it's nil at 16 MHz and 
above. 

AT OUTPUT OF RF OR 
l-F STAGES 

fig. 3. Connections for displaying response curve on a scope. 

Then start again at the peak and move 
the generator dial upward. Mark the 
voltages at 14.75, 15.0, 15.25, 15.5, 
15.75, 16.0, 16.25, and 16.5 MHz. 

These dots represent how well the 
tuned transformer responds to each fre-
quency. Joining the dots together with a 
solid line helps you interpolate responses 
at frequencies in between the increments 
you measured. The solid line forms a 
curve, which is a response curve for that 
particular tuned transformer. 

This particular transformer is fairly 

If you plot the response of a tuned 
circuit that's connected as a trap, the 
curve is inverted, as in fig. 2C. You plot 
this one starting at some frequency well 
below the expected response of the tuned 
circuit. The meter registers the full signal 
from the rf generator. As you turn the 
dial toward resonance, the rf voltage 
reaching the meter starts dwindling —at 
13 MHz. It gets less and less. Once you 
tune past the resonant frequency, voltage 
of rf reaching the meter rises again. 
Eventually, you tune the rf generator 
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beyond the influence of the tuned circuit. 
That's beyond 16 MHz. 

plotting automatically 

What if you could turn the generator 
dial back and forth very rapidly and just 
as rapidly plot all the voltage points 
instead of just some? You'd develop the 
response curve a lot quicker. Well, you 
can. In fact, the whole thing can be done 
automatically. 

You use an oscilloscope as the volt-
age-measuring device. And you use a 
sweep generator to swing the frequency 
up and down rapidly — 60 times per 
second. If the scope is synchronized to 
move its beam back and forth 60 times 
each second, the voltages measured at all 
frequency points by its vertical amplifier 
are displayed side by side. The outcome is 
a continuous curve of voltages right on 
the screen of the scope. 

fig. 4. Settings of scope controls to produce re-
sponse curve. Photo at bottom right shows a 
base line before the demodulated signal is applied. 

The sketch in fig. 3 lets you see in 
detail how to make the connections. The 
same 60-Hz voltage that operates the 
sweep circuit in the generator is fed by a 
connecting cable to the horizontal input 
of the scope. Applied to the horizontal 
deflection plates of the scope crt, it 
swings the beam back and forth exactly 
in rhythm with the sweeping of the rf 
oscillator in the sweep generator. 

At the same time, the swept rf signal is 
fed to the tuned stages of circuits whose 
response you want to view. A demodula-
tor probe (or a detector with the stages) 
develops an output voltage for each and 
every frequency in the band being swept, 
one right after another. 

Those voltages go to the vertical plates 
of the crt. They move the beam upward 
in proportion to each voltage. Since the 
beam is at the same time being swept 
from side to side, each voltage level 
appears one after the other. And, since it 
is being swept exactly in step with the 
sweep-generator rf signal, the voltage 
levels occur in the same sequence as the 
frequencies. 

This is done over and over, 60 times a 
second. Your eye sees an automatically 
plotted curve of the response. It's the 
response of the whole group of tuned 
circuits or stages to the band of fre-
quencies being swept by the generator. 

sweeping a receiver i-f 

As I said, there are dozens of ways you 
can use this ability to see the response of 
a tuned circuit or stage. So I'll show you 
how to set it up. The i-f of a ham receiver 
makes a good example, but this hookup 
can work for any tuned circuit or any 
group of tuned stages. Just feed swept rf 
into the input and feed the output to 
your scope. 

First connect up the sweep generator 
and scope as diagramed in fig. 3. Hori-
zontal output of generator to horizontal 
input of scope. Rf output of generator to 
input of tuned stages (in this example, to 
the input grid or base of the i-f section). 
Using direct probe, connect scope vertical 
input to output of a-m detector. (If 
there's no detector, use the scope's 
demodulator probe.) 

The photos in fig. 4 show settings of 
the important scope controls. Horizontal 
Sweep to "Ext . " Vertical Input attenu-
ator to X1 (the object is to set up the 
scope so a 2-volt peak-to-peak input 
signal makes a 2-inch vertical display). 
Horizontal Gain up just enough to make a 
base line about 3 inches wide. Positioning 
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control's to keep base line below center of 
screen. (If the diode in your demodulator 
probe or the a-m detector is connected 
with its anode on the output side, posi-
tion the trace above center, because the 
response curve will come out nega-
tive—below the base line.) The last 
photo of fig. 4 shows the scope crt 
screen, with the base line properly set up. 

You set up the generator as pictured in 
fig. 5. Rf dial at frequency near center of 
bandpass you expect in tuned stages. 
Sweep Width about twice as wide as you 
expect. (The i-f in this receiver has a 
center of 5 MHz, and a normal bandwidth 
of 50 kHz. A very low sweep width 
setting is called for — about 100 or 150 
kHz. A television video i-f requires a 
sweep width setting of 10 or 12 MHz.) 
Phase control must be set after response 
curve is visible on scope crt. Output 
control set just high enough to produce 
2-inch display on scope (exact setting 
depends on amplification in tuned stages 
being tested). 

(ig. 5. C o n t r o l settings for the sweep generator. 

Fig. 6 is what response curves look 
like. The top left photo shows it before 
your adjust the Phase control on the 
sweep generator. The top right one is a 
normal response curve of an operating i-f 
section in a ham receiver. The curve of 
any tuned circuit, or any group of circuits 
tuned to the same frequency, should look 

fig. 6. Response curves. 

Phase control needs adjusting. Normal narrowband curve. 

Bandwidth spread out by misadjusted slug. 
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like this. 
The bot tom left photo is the response 

curve of the same i-f stages, but wi th two 
of the transformer adjustments mis-
adjusted. As you can see, you can actu-
ally broaden out the response of the i-f, if 
that's what you want. For best QRM 
rejection, of course, you want the curve 
steep, narrow, and tall. That means, 
respectively, good adjacent-carrier re-
jection, good selectivity, and good ampli-
fication. 

Incidentally, you might have to 
"c lamp" the age or avc line. Some re-
ceivers can't show a true response curve 

side. The result is the wideband response 
curve you see. 

There are trap circuits in a TV i-f, too. 
They are at 39.75, 41.25, and 47.25 
MHz. Their major purpose is to eliminate 
any signals at those three frequencies; 
they interfere wi th the wanted signals. On 
the response curve, they are responsible 
for how steep the skirts are. Right beside 
the amplifying response curves, the trap 
curves drop the response faster at the 
edges than ordinary tuned circuits could. 

marking the frequency 
One deficiency of a response curve 

fig. 7. Marker adder, 
s h o w n e x t e r n a l . 
Most modem sweep 
or marker generators 
have it inside. 

with the age working. The alignment 
instructions wil l tell how much dc voltage 
to apply to the age line if such a step is 
necessary. 

wideband tuning 

The bottom right photo in fig. 6 is the 
response curve of a television i-f strip. 
Any modern TV i-f has several stages 
tuned to different frequencies. It's called 
staggered tuning. For example, the input 
to the first stage may be tuned to 42.4 
MHz, the interstage circuits to 43.0 and 
44.5 MHz, and the output of the third 
stage to 45.0 MHz. These four response 
curves, when the stages are cascaded as 
TV i-f stages are, appear to line up side by 

displayed like this: you can't know 
exactly the frequency of the peak or of 
the points where response drops off 
rapidly. This is particularly important in a 
curve like the TV i-f response. You need 
to know where certain precise frequencies 
appear on the slope or along the top of 
the curve. 

A marker generator and marker adder 
are the instruments for this purpose. At 
one time, they were separate instruments. 
Nowadays, the marker adder is part of 
either the sweep generator or the marker 
generator. 

A marker generator is merely an ac-
curate rf signal generator. Any stable rf 
generator can be used for marking re-

apr i l 1970 ^ 65 



sponse curves, if it is accurate or easily 
calibrated. 

The best way to use markers is by 
what's known as post-injection. The 
marker is added to the response curve 
after demodulation. (The old way was to 
feed the marker signal right in with the 
sweep-generator rf; it often upset the 
tuned circuits and made a false curve.) 
The sketch in fig. 7 shows marker adder 
connections. The instrument is shown 
separately, but it's usually part of one of 
the generators. In that case, some of the 
connections are made internally. 

For television, there are multimarker 

what's to come 
Armed with this information about 

how a sweep generator is used, you 
should find a lot of specific jobs for it on 
the ham bench. You can test and adjust 
filters, bandpass transformers, critical 
coupling between windings of trans-
formers you wind yourself. With practice, 
you'll find the instrument easy to use. It 
tells you if your alignment job on a 
receiver (or the frequency conversion 
adjustment of an ssb transmitter) has 
produced the intended result. You can 
test any circuit that's within the rf range 
of the sweep generator you own. 

fig. 8. Frequency markers on response curves. O n the left the markers are provided with a special 
marker generator. Markers are used in the two photos to the right to show the bandwidth of the curve. 

instruments available, with crystal-
controlled marker signals. Such a gener-
ator displays markers at several points on 
the response curve simultaneously. The 
one at the left in fig. 8 is an example. 
Marker frequencies are identified, to give 
you an idea how they help you recognize 
the true bandpass of the i-f stages being 
tested. 

The ham-receiver curve in the middle 
has only one marker. It's labeled, so you 
know where {in frequency) the down-
frequency skirt of the curve is. In actual 
practice, you find this frequency from 
the dial of the marker generator. The 
right-hand photo is the same curve, with a 
marker at the start of the up-frequency 
skirt. The frequency spread between the 
two skirts is the difference between the 
two marker frequencies. In this case, it's 
0.1 MHz. That's the bandwidth of the i-f 
strip from which this curve is taken. 

Therein lies one drawback. None of 
the units available today go below a 
center frequency of 3 MHz. So, how do 
you do anything with 1.8-MHz circuits? 
Or the 60-, 455-, and 2.2-MHz i-f 
sections? If you find yourself using a 
sweep generator, and want to make it 
useful in this range of low frequencies, 
drop me a letter or postcard. If there's 
enough interest, I'll devote this depart-
ment to that some month. 

Next month, I write about mobile 
power supplies. They've come a long way 
since the days of the vibrator. Not every 
ham knows what to do with one when it's 
bad. Those transistor converter circuits 
look too complicated. 

But they're not, really. Once you 
understand how and why they work, they 
seem simple. And fixing them on the 
repair bench is easy. 

ham radio 
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Occasionally a situation arises when it is 
preferable to provide interstage isolation 
with an attenuator rather than reduce 
drive to a following stage in a transmitter. 
For example, an ssb exciter may operate 
at maximum linearity at some level, say 
100 watts. However, when used as a 
driving source for a transmitting con-
verter, the exciter may cause distortion 
by overdriving the converter. Reducing 
input to the exciter will eliminate dis-
tortion in the converter at the expense of 
reintroducing it in the exciter. The buffer 
attenuator described in this article will 
resolve the problem, because it allows 
both units to operate at points of least 
distortion. 

other uses 
Many amateurs use a simple reflecto-

meter to measure vswr on the antenna 
transmission line. The reflectometer is 
reasonably accurate provided the source 
impedance doesn't change in response to 
varying load conditions. Most commer-
cially built rigs and not a few homebrew 
ones are touchy about transmission-line 
vswr. When you're trying to match an 
antenna to such transmitters, a tip-off 
that something evil is at work is a change 
in apparent vswr when power level is 
changed. This is what happens when 
changing from a-m to cw on some rigs . 
A 10-dB pad between transmitter and 
reflectometer will correct this situation 
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by stabilizing the transmitter load. In 
addition, power level is reduced for 
matching purposes. 

circuit description 

The circuit is a symmetrical double 
network (fig. 1). Its symmetrical con-
figuration allows the attenuator to be 
inserted into the circuit wi thout regard 
for " i npu t " or "ou tpu t " orientation. 

A prototype circuit was derived from 
the equations given in reference 1 on the 
basis of a characteristic impedance, ZQ , of 
50 ohms. The nearest values that could be 

Non inductive power resistors were 
used in the second unit (fig. 1B). This 
unit had an uncompensated vswr of less 
than 2.0 through 10 meters. The vswr 
increased to 2.56 on 6 meters (fig. 2). 
Although the resistors are rated as non-
inductive, there was some residual in-
ductive reactance on 6 meters. A small 
capacitor was shunted across the network 
to tune out the inductive reactance. The 
vswr then decreased to 1.5 on 54 MHz, 
with no measurable change on 160 and 
80 meters. Measured characteristics of the 
final circuit are presented in table 1. 

n 
200 
SOW 

25 w 
- w 

R2 75 25* 

zoo f>8 
50pF 

; zoo 
• 14W 

HZ 75 25 w 
- W V 1 

R4 75 25 w 
- W fP 

ZOO i. 
5Cw 

fig. 1. A t t e n u a t o r schemat ic . A p r o t o t y p e cir-
cui t , A , was bui t t w i t h o rd inary p o w e r resistors; 
Z0 is 5 0 o h m s . F i n a l design, B, uses non- induc -
t ive resistors and has a Z 0 of 5 5 . 6 ohms. T h e 
small capac i to r is needed to t u n e out residual 
induct ive reactance. 

obtained from components listed in the 
catalogs were used. The final version has a 
ZQof 55.6 ohms. Resistors were selected 
so that the attenuator would dissipate 
100 watts in either open- or short-circuit 
condition. 

An attenuation of 10 dB in the line 
will hold vswr to less than 1.25 regardless 
of the load impedance. This was achieved 
fairly closely in practice. It should be 
noted that the design uses resistors with 
nearest-available values and is not in-
tended for precision applications. 

The first unit (fig. 1A) used ordinary 
Sprague Koo!ohm tm power resistors. The 
inductive effects were quite noticeable on 
the higher-frequency bands. However, it 
was usable as a load buffer on 160 and 80 
meters (vswr less than 1.5). Probably the 
reactance could have been compensated 
on 40 and 20 meters and higher bands. 

R 1 - R 4 75 o h m , 25 W (Sprague 4 7 2 E 7 S 0 5 ) 

R 5 , R 6 2 0 0 o h m , 50 W (Sprague 4 7 5 E 2 0 1 5 ) 

R 7 , R 8 2 0 0 o h m . 1 * W (Sprague 4 5 9 E 2 0 1 5 ) 

construction 

The attenuator is housed in a Bud 
CU3013A enclosure; however any box 
measuring 1%x2%x10 inches will be 
satisfactory. Coaxial receptacles are type 
SO-239. 

The attenuator is sensitive to the 

tab le 1. Measured character ist ics o f t h e JO d B 
a t t e n u a t o r . 

B a n d F r e q u e n c y vswr excess inser t ion 
( M H z ) phase loss plus 

d e l a y * m i s m a t c h 
(cleg) ( d B ) 

1 6 0 1 . 8 1 . 2 2 1 0 . 2 1 0 . 5 5 
8 0 3 .6 1 . 2 4 1 1 . 0 — 

4 0 7 1 . 2 7 1 2 . 2 1 0 . 6 3 
2 0 14 1 . 3 3 1 4 . 4 — 

15 2 1 1 . 3 5 1 5 . 2 1 0 . 6 4 
1 0 2 9 1 . 4 8 1 9 . 5 1 0 . 7 2 

6 5 4 1 . 5 6 2 1 . 9 1 0 . 8 

* l n d u c t i v e ; c o m p e n s a t i n g capac i to r cou ld be 
larger. 
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NOISE BLANKER 
FOR THE SWAN 250 

The TNB-250 Noise Blanker effectively sup-
presses noise generated by auto ignitions, 
appliances, power lines, etc., permitting the 
recovery of weak DX and scatter signals norm-
ally lost in noise. 
Features include modern solid state design 
techniques utilizing dual-gate MOS FET transis-
tors and two stages of IF noise clipping for the 
efficient removal of impulse noise at the trans-
ceiver IF frequency. The use of MOS FETs and 
a special gain controlled amplifier circuit pro-
vide excellent cross-modulation characteristics 
in strong signal locations. 

TNB-250 shown installed on a Swan 250 at 
accessory socket location. 
Simplified installation requires twenty minutes. 
TNB-250 $32.95 ppd. 
TNB-250C (for Swan 250C) $32.95 ppd. 

Model TNB Nolso Blanker, designed to operate 
with VHF converters by connecting in the coax 
between converter and receiver. 

NOISE BLANKER 
WESTCOM 

MWNtlMNO COMPANY 

Noise suppression characteristics are similar to 
those of the TNB-250. In addition, the ability 
to handle high intensity pulses of short dura-
tion and fast rise time makes the TNB 
extremely effective in removing radar inter-
ference in the 220-1296 MHz bands. 
C h o i c c of 14-20, 100-140, or 125-160 V D C . RCA 
phono or BNC connectors. Specify for 10 or 20 
meter converter output. 
Model TNB $29.95 ppd. 

(For special frequencies add $3.00) 

Prepaid orders shipped postpaid. (For Air Mail 
add $.80) C.O.D. orders accepted with $5.00 
deposit. California residents add safes tax. 
All products are warranted for one year and 
of fe red on a s a t i s f a c t i o n g u a r a n t e e d o r re tu rn 
basis. Technical brochure available. 

W E S T C O M 
ENGINEERING COMPANY 

P. O. Box 1504 San Diego, Cal. 92112 

5 t0 
FREQUENCY (MHz) 

fig. 2. Effect on vswr with and without 
capacitive compensation. 

immediate environment and could not be 
compensated with the cover removed. 
The unit was compensated originally with 
a small variable capacitor, which was 
replaced with a silver-mica fixed capacitor 
when the final capacitance value was 
determined. 

cooling 
The attenuator was operated con-

tinuously with an input of 120 watts for 
over an hour. I t was on a workbench, in 
the open air, and could be handled 
without discomfort. The package form 
factor has a high surface-to-volume ratio, 
which helps dissipate heat. However, if 
the unit is to be enclosed, a heat sink or 
forced-air cooling should be used. 

A note of thanks is due to Bill Cobum, 
W1ELP, who built the attenuators and 
adjusted the compensating capacitor. 
Also, I'd like to acknowledge the help of 
Lee Tibbert, K1YOZ, who made the 
insertion loss, phase delay and vswr 
measurements. 

1 
reference 

Reference Data for Radio Engineers, FTC, 
3rd edition, P. 158. 

ham radio 
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vswr alarm 
circuifs 

H e r e a r e s o m e a d d i t i o n s 

you c a n m a k e 

to y o u r vswr meter 

to give a u r a l 
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When you first put a new antenna into 
service, you're quite concerned about 
transmission line standing wave ratio 
(swr) and carefully note swr meter indica-
tions. During regular operation, however, 
you may glance occasionally at your swr 
meter, and if it's somewhere in the ball 
park, you probably don't bother to take 
an accurate reading. 

A drastic increase in swr will cause 
abnormal transmitter tuning, so a 
moderate swr increase may not be 
noticed. But it's important to be aware of 
any increase in swr for several reasons. A 
high swr can cause component break-
down in high-power equipment as well as 
in low-power transmitters where mar-
ginally rated components are used. Also, 
a small but continuous increase in swr 
may indicate an incipient problem with 
your antenna or transmission line. 

What you need is a circuit that will 
monitor swr and give an alarm when the 
swr exceeds a predetermined limit. This 
article discusses and illustrates a number 
of swr alarm circuits. A l l are intended to 
be used with in-line swr meters of the 
Monimatch type. In most cases the alarm 
circuit can be easily built into an swr 
meter enclosure. 

Simple alarm circuits have been em-
phasized in the literature. You can 
combine some of these to form more 
complex alarm systems. Once the general 
requirements are understood, you may 
want to develop your own circuit. A large 
number of voltage- or current-level sens-
ing circuits are shown in electronic circuit 
design handbooks. These can be adapted 
as swr alarms. 

basic principles 

In-line swr meters use a diode circuit 
to provide a dc voltage proportional to 
the power in the transmission line in the 
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forward (incident) and reverse (reflected) 
directions. A switch allows either incident 
or reflected voltage to be read on the 
meter. The meter is calibrated to indicate 
swr in the reflected voltage position after 
the meter has been set to full-scale 
indication in the forward direction. 

The loading effect of the meter re-
sistance on the diode circuit reduces the 
voltage across the meter to a very low 
value. However, if the diode circuit is 
lightly loaded, several volts may be 
produced in the forward or reflected 
position that can be used to activate an 
alarm circuit (fig. 1). 

With the swr meter switch in the 

TRANSMITTER ANTENNA 

TRANSMITTER 

« -
L 

b 

1 " 
I I 

FORWARD REFLECTED 
o-» 

< W— 

VOLTAGE 
DIVIDER OOMMWOOR 

l/S FOR IS I SWR 

fig. 1. Methodsfor adding an alarm circuit to an 
existing swr bridge. Voltage-level sensing circuit, 
A, is simplest;comparator circuit, B, is effective 
over a wider range of operating conditions. 

forward position, an alarm circuit in the 
reflected-voltage diode output circuit can 
be set to operate when reflected voltage 
becomes excessive. If the alarm circuit's 
input resistance is reasonably high, it 

SWR reflected 
VOLTAGE TERMINAL 

200 - 300 OHM 
RELAY COIL OR 

SMALL BUZZER 

RESET 
PUSHBUTTON 

344 LAMP 
10 V, 14 mA 

fig. 2. Simple scr latching-type alarm circuit re-
quires only 0.4 to 0.9 volt trigger level. 

won't affect normal operation of the swr 
meter. When the meter is switched to the 
reflected voltage position, the low meter 
resistance won' t be affected by the alarm 
circuit. 

power and frequency considerations 
This simple concept works well and is 

satisfactory for most situations. I t does 
have some characteristics that should be 
considered, however. The diode circuit 
voltage corresponding to a certain swr 
remains correct only for the transmitter 
output for which it was originally estab-
lished. If you usually operate a trans-
mitter at the same power, then there's no 
problem. But if you use different power 
levels, the point at which the alarm 
circuit is activated has to be re-established 
for each new power level. 

Another point to consider is the 
voltage pickup from the transmission line. 
It can vary wi th frequency depending on 
the pickup method. Some swr circuits 
will exhibit little variation in voltage 
pickup when used f rom 80 to 10 meters, 
while others will vary 60 dB or more. If 
there's a wide variation in voltage pickup, 
you can (a) set the circuit to enable at a 
narrow swr range on the higher-frequency 
bands, or (b) readjust the alarm for each 
band and accept the fact that a greater 
swr level will be required to activate the 
alarm on the lower-frequency bands. 
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comparator circuit operation 
If you operate only on one band with 

a transmitter of constant power level, the 
simple alarm circuit of fig. 1A will 

fig. 3. Nonlatching voltage-sensing circuit. Re-
lay will actuate when input voltage exceeds a 
preset level; 1 Ok ohms potentiometer allows trip 
level to be set f rom about 0.4 to 10 volts. 

suffice. A slightly more complex ap-
proach can be used, however, that elimin-
ates the problem of resetting the alarm 
for different power levels and different 
swr meter voltage pickup on different 
bands. Because the swr is determined 
by the ratio of reflected-to-forward 
voltage, you can use a circuit as shown in 
the block diagram of fig. 1B. Here, a 
voltage divider and voltage ratio sensing 
circuit (comparator) are combined to 
provide an alarm that operates irre-
spective of transmitter power. 

Since this ratio is determined by the 
line swr only, it remains the same for any 
transmitter power level. The forward and 
reflected voltage amplitudes change the 
same with frequency, but their ratio does 
not. As shown in fig. 1B, you can preset 
the alarm for a specific swr level. For an 
swr of 1.5, the reflected voltage will be 
20 percent of the forward voltage. Thus, 
if the forward voltage is divided by 1/5 
and compared with the reflected voltage, 
the differences should never be greater 
than zero unless the chosen swr is ex-
ceeded. The comparator monitors the 
difference between the voltages and 
produces an alarm whenever a difference 
occurs. 

practical circuits 
Practical swr alarms can be divided 

into meter-relay, voltage-level sensing and 
voltage comparator circuits. 

The simplest alarm would be a meter-
relay with an adjustable trip-point setting 
substituted for the regular swr meter 
movement. The relay circuit could be set 
to trip at some chosen swr level. Com-
mercial meters of this type are available 
in ranges between 0.50 juA and 0-1 mA 
(Simpson 29XA series) but are quite 
expensive. If you can obtain such a meter 
at surplus prices, it will provide a very 
simple and reliable swr alarm. The relay 
contacts can't handle much current 
(about 10 mA), but they can be used 
directly to control an aural alarm device 
such as the Mallory Sonalert solid-state 
buzzers. 

A simple voltage-sensing circuit is 
shown in fig. 2. A positive level of 0.4 to 
0.9 volt at the gate of the SCR will fire it 

RESET 

fig. 4. S imple IC relay driver c ircuit provides 
positive trip action with input of about 1.3 V . 
C i rcui t can be made latching by including com-
ponents shown in dashed lines. 

into conduction. Once fired, it will con-
tinue to conduct even if the gate voltage 
falls. Thus, a reset pushbutton switch is 
necessary in its anode circuit. The anode 
circuit can control a relay to activate 
some sort of alarm device, or a low-
voltage dc buzzer can be driven directly. 
The lamp need not be used if it's not 
desired. The 10 kilohm resistor in the 
gate circuit provides very little loading on 
the swr meter circuit. The 50 kilohm 
potentiometer sets the reflected voltage 
level at which the scr will fire. 

Fig. 3 shows another voltage-sensing 
circuit that can be used in a manner 
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similar to the scr circuit. It's somewhat 
simpler because it won't lock or latch 
into a conducting state and, therefore, 
need not be reset. The transistors are 
inexpensive; each costs less than a dollar. 

This circuit also provides a reasonably 
high shunting resistance to the swr meter 
circuit via the 10 ki lohm input potenti-
ometer that establishes the voltage level 
at which the relay coil (or buzzer) wil l be 
activated. 

Fig. 4 shows still another voltage 
sensing circuit using an inexpensive 
pL914 integrated circuit. The circuit can 
be made either latching or nonlatching, 
depending upon whether or not terminals 

divided-down forward voltage level, the 
audio oscillator produces first a series of 
beeps. As the voltage difference increases, 
it produces a steady tone. 

Fig. 6 shows a simple alarm using the 
Fairchild /uA710 integrated circuit.* The 
IC comparator drives a 2N1711, which 
can be used to control an aural or visual 
alarm. (A pilot lamp in the 2N1711 
collector circuit can be used for a visual 
indicator.) The /uA710 inputs aren't 
shown as they would be connected to an 
swr meter; rather they indicate the basic 
application of the/uA710. Its operation is 
as follows. 

When the monitored voltage equals 

fig. S. With this circuit an 

audio alarm is p roduced 

when a polar ity differ-

ence exists between the 

input voltages. 

2 and 6 of the IC are tied together. 
In the foregoing circuits, the input 

voltage level that causes the circuits to 
operate is affected by the power-supply 
voltage. Essentially, no current is drawn 
from the power supply when the circuits 
are not conducting, so a simple battery 
supply can be used that wil l provide a 
constant voltage. If the voltage is ob-
tained from a non-regulated source, a 
zener diode regulator should be used. 

comparator circuits 

Voltage comparator circuits are shown 
in figs. 5 and 6. The circuit of fig. 5 is 
complete with an audio oscillator in-
cluded as the alarm device. One 1N34A 
diode is coupled to a 1/5 voltage divider 
(for a 1.5 swr) to the forward-voltage 
circuit of an swr meter. The other 1N34A 
diode is connected directly to the re-
flected-voltage circuit. If the reflected-
voltage level becomes greater than the 

that of the reference voltage (at pin 3), 
the voltage at pin 7 goes from zero to 
about 2-3 volts. When the monitored 
voltage falls below the reference voltage, 
pin 7 returns to ground potential. Thus, 
for an application as an swr alarm circuit, 
the reference voltage can be obtained as 
shown in fig. 5 (through a voltage divider 
from the swr meter forward-voltage cir-
cuit). The monitored voltage terminal 
would be connected to the reflected-
voltage circuit. 

The applications of the juA710 can be 
extended to many other alarm and con-
trol circuit uses. The only restriction is 
the maximum magnitude of the input 
voltages it can handle, which is about 7 
volts. 

*The#jA711 Dual Comparator (essentially two 
wA710's in a TO-5 case) costs $2.50. Available 
from Poly Paks, Box 942, South Lynnfieid, 
Massachusetts 01940, catalogue number 
92CU813. Regular/uA710's are $4.50 each. 
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adjustment 
Assuming the transmission line is 

matched at a low swr, a voltage-level 
sensing alarm can be connected to the swr 
meter reflected-voltage circuit, and the 
adjustment potentiometer can be set so 
the alarm is just activated. The potenti-
ometer is then backed off slightly and 
locked. Any slight increase in swr should 
then activate the alarm. If you wish to set 
the alarm more exactly, dummy loads can 
be used to simulate the swr level at which 
the alarm wifl become activated. As men-
tioned before, this adjustment should be 
made at full power and reviewed on each 

12V 

fig. 6. I C comparator is ideally suit-
ed for swr monitor ing but requires 
two supply voltages. 

band, because it may vary due to the swr 
meter pickup circuit characteristics. 

The comparator circuits shouldn't re-
quire much adjustment. However, for 
exact setting, one leg of the voltage 
divider from the swr meter forward-
voltage circuit should be variable. Then, 
using dummy load resistors at any reason-
able power level to simulate various swr's, 
the potentiometer leg of the divider 
should be adjusted to activate the alarm 
at the desired swr. The loading effect of 
the voltage divider network may require a 
loading resistor in the reflected-voltage 
output circuit. 

An added refinement I didn't explore 
is that of making the alarm self-powered 
by using the voltage in the forward 
pickup circuit. This may be practical for 
very low-current (lamp) alarms. Perhaps 
some readers might wish to develop this 
idea. 

Ham radio 

CQ de W2KUW 
WE NEED YOUR SURPLUS TUBES 

1P21 
2C39 
2K25 
2K48 
2K (any digits) 
3-400 
3-1000 
3B24 
3B28 

4-250/5D22 
4-400A/8438 
4-1000A/8166 
4X150A 
4CX250B 
4CX250R/7580W 
4CX300 
4CX250A/8321 
4CX1000A/8168 

5R4WGB 
6BL6 
6BM6 or 6A 
6L6 
7D21 
8D21 
9C21 
9C25 
75TL 

805 
807 
810 
811A 
812A 
813 
832A 
833A 
891 

3CX2500 
3CX3000 
3CX5000 
3CX 10,000 
3E29 
3K (any digits) 
4-65 
4-125/4D21 

4CX3000A/8169 
4CX5000A/8170 
4CX5000R/8170W 
4CX10,000/8171 
4X150G/8172 
4PR60A or B 
4PR (any digits) 
5-125B/4E27A 

304TL 
VA (all types) 
250TH 
450TH 
450TL 
QK (all types) 
715C 
802 

891R 
TW (all types) 
TWT (all types) 
NL (all types) 
4000 series 
5000 series 
6000 series 
7000 series 
8000 series 

Please send us your surplus inventory 
lists. We want to buy other tubes and' 
TX — RX — test equipment. , 

The TED DAMES Co. 
308 H I C K O R Y ST., ARLINGTON, N. J . 07032 I 

Phone: 201 998-4246 

apri l 1970 77 



tebook 

s i m p l e g r i d - b l o c k k e y i n g 

In the May 1969 issue of Florida Skip, 
Dick Blasco, W A 4 D H U , describes a 
simple grid-block keying system that 
should be of interest to cw operators who 
build their own gear. 

The merits of a differential grid-block 
keying system are discussed at length in 
many of the standard handbooks. How-
ever, most of the circuits described in the 
literature involve one or more vacuum 
tubes, many parts, and in general cause 
the builder to shy away from all that 
hardware and stick to a simpler, poorer 
system. 

The system shown in fig. 1 is very 
simple, involves no active elements, and 
does a nice job of providing true differ-
ential keying at minimum cost. It is 
simply a voltage divider, with a zener 
diode providing the differential function 
normally provided by a voltage-regulator 
tube. 

To design the system, determine the 
proper operating grid voltage and current 
to place your final amplifier in class-C 
operation. Resistors R1 and R2 are cal-
culated as follows: 

R 1 = _ ! a a _ 
•g, 

R 1 x E Q 1 
R 2 = ^ - 1000 

2E —E gg gi 
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where Egg is the negative bias voltage, 
Egi is the final grid bias and lg-| is the 
final grid current. 

The zener voltage is chosen by sub-
tracting the vfo bias (key down) from the 
supply bias, and choosing a zener diode 
with a breakdown voltage smaller than 
this value. Several values should be tried 
to get optimum keying. C1 is chosen by 
trial and error to get the proper keying 
waveform, according to your particular 
taste. D1 is any general purpose diode. 

In operation, power amplifier bias falls 
exponentially as the key is closed. How-
ever, at a trigger point well before the 
driver and final conduct, the zener stops 
conducting and the vfo is turned full on, 
while the other stages become operative 
later (depending on capacitor C I ) . When 
the key is released the final and driver 
gradually turn off, but the vfo remains on 
until the bias is nearly at its peak value, at 



which time the zener conducts, placing 
bias on the vfo to keep it from oscillating. 

The circuit provides a minimum bias 
on the final of one-half the negative bias 
supply. This protects the final amplifier 
stage in case excitation is lost. Be sure 
that the grid leak in the vfo is at least 
4700 ohms. 

This circuit is a variation of the design 
used in the Heath HW-16 transceiver. 
Existing grid-block keying systems can be 
made differential by simply adding the 
two diodes to the vfo grid circuit. 

con tes t keyer 

o o 

I built this gadget, the Scratch-1 pro-
grammable keyer, for the 1969 ARRL 
Field Day Contest. It was designed to 
replace an old keyer that used the recti-
fied output of a tape recorder. However, 
the Scratch-1 offers several advantages: 
small size, no power connections, variable 
speed and access to different parts of the 
message. 

Although the basic concept is quite 
simple, a number of prototypes were 

built "to find an easy and durable keying 
system. The unit shown in the photo uses 
Scotch no. 49 aluminum tape for the 
keying element. As a preventative 
measure, a Q-Tip dipped in NO-OX (con-
tact cleaner) was run over the keyer 
contact surface just before the f ield day 
contest. The keyer performed perfectly 
and shows little wear after completing 
over 300 contacts. 

Since the code characters are fairly 
small, the smoothness of keying is criti-
cally dependent on how smoothly the 
operator can scratch the stylus down the 
base. I wanted a compact unit so I used 
quarter-inch dashes, but I would recom-
mend making them a little longer to 
facilitate smooth operation. This keyer 
was designed for low-power applications 
such as grid-block keying — it probably 
won't take the rigors of cathode keying, 
particularly in medium-to high-powered 
transmitters. 

Martin Davidoff, K2UB"? 

m o b i l e p o w e r s u p p l y 

The simple mobile power supply 
shown in fig. 1, designed by WN8DJV, 
uses a low-cost toroidal transformer avail-
able from Fair Radio Sales . With no 
load, typical output is 540 Vdc; 500 Vdc 
at 50 mA; 480 Vdc at 100 mA; 450 Vdc 
at 200 mA; and 440 Vdc at 250 mA. 
Layout is not critical, but be sure you use 
a good, healthy heat sink for the two 
power transistors. If you have trouble 
finding a 3.3-ohm, 5-watt resistor, use 
three 10-ohm, 2-watt resistors in parallel. 

fig. 2. Low-cost mobile power 
supply designed by W N 8 D J V 
uses an inexpensive surplus 
toroidal transformer available 
from Fair Radio. ($3.95, Fair 
Radio Sales, 1016 E. Eureka 
Street, Lima, Ohio 45802) . 

DIODES BCOV PIV. IA 
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parasit ic suppressor 

I 
Finding the right parasitic suppressor 

for a particular circuit can be a frustrating 
task. As a builder of a homebrew linear 
ampl i f ie r that had severe parasitic 
problems, I know what I 'm talking about. 
I spent many days trying to suppress the 
parasitics and I finally came up wi th a 
coil-resistor combination that did the job 
on 80 , 4 0 and 2 0 but wouldn't come 
through on 15 or 10. Since three out of 
five is better than nothing, I left the 
choke in. After operating for a few 
months and missing all the action on 15 
and 10, I decided to t ry something else. 

A t the suggestion of a friend, I in-
stalled ferrite beads in the plate leads of 
my linear; I could not detect the slightest 
parasitic! Instant suppression. The magic 
of ferrite* does not stop here. It can be 
used for rf shielding and decoupling; grids 
can be shielded from strong rf fields, thus 
reducing instability. 

The surprising thing about these little 
giants is that almost anyone wi th even a 
small junk box has some: they're used in 
coils and coil forms to increase in-
ductance. The slug itself is about 3 / 1 6 
inch in diameter and 1 to V/z inches long. 

When you slip a piece of wire through 
the slug, you create a low-Q inductor. 
The wire itself has a very small but finite 
inductance that is multiplied many times 

•Although the "beads" suggested by the author 
are probably powdered iron, and not ferrite, in 
this particular application the result is the same. 
Miniature ferrite beads are available from 
Amidon Associates, 12033 Otsego Street, 
North Hollywood, California 91607; package of 
12 beads with a spec sheet and application 
notes is S2.00. 

by the permeability factor of the slug, 
which is 9 0 0 or so. Although the in-
ductance is still quite small, it's enough to 
suppress vhf parasitics. 

Jim Barcz, W A 9 J M Y 

rect i f ier terminal s t r ip 
Recently, while trying to find a suit-

able terminal strip for a bridge rectifier 
that used 8 diodes (2 in each leg), I 
decided to use an inverted octal socket. 
These sockets are fairly compact, and the 
diodes can be physically arranged similar 
to their schematic equivalent. This sim-
plifies connections and eliminates costly 
wiring errors. One caution however: do 
not mount the socket directly to the 
chassis; use a bracket or standoffs since 
the contacts on some sockets can slide 
out the top of the socket and short the 
diodes to the chassis. 

Robert G. Wheaton, W5PKK 

earth cu r ren t s 
Is the conversation in your evening 

QSO dragging? If so, here's something 
you can rig up in about five minutes that 
wil l open the door to all kinds of con-
versational possibilities. I t is commonly 
known that the earth's magnetic field sets 
up currents that f low through the ground. 
What is not usually known is that these 
currents can be measured with the 
simplest of setups: a 50- or 100-jjA 
meter, two pieces of brass welding rod 
and some wire. 

Drive the rods into the ground 30 to 
60 feet apart on an east-west line. 
Connect a wire to each. Hook the eastern 
rod to the positive meter terminal, the 
western rod to the negative. When the 
wires are first connected, the meter 
reading will be high because of galvanic 
action on the rods; after a few minutes 
the currents will drop to the normal 
value. If the meter reads down scale, 
install a reversing switch rather than 
changing the meter connections because 
earth current may reverse itself occasion-
ally; or, use a 50-0-50 center-zero meter. 

Different parts of the country have 
widely varying readings. It has been noted 
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at several installations near my home that 
erratic and fluctuating meter readings 
seem to precede an aurora opening on 6 
or 2 meters. It is interesting to note that 
weather also has some effect on the 
reading: if the ground is wet the readings 
will usually be slightly higher. Magnetic 
storms have a noticeable effect. 

One important note; be sure to put a 
.01 juF bypass capacitor across the meter 
terminals to eliminate the effects of rf or 
stray 60 Hz current. 

Don Samuelson, W70UI 

coaxia l - l ine resonators 
Transmission lines made of coax, twin-

lead or "plumbing" are often used in vhf, 
uhf and microwave equipment. They can 
be used as (or in) filters, as tuning 
elements in amplifiers or oscillators, and 
as replacements for inductors or capaci-
tors in tuned circuits. At frequencies over 
100 MHz or so, transmission lines can be 
of practical lengths, and they exhibit high 
efficiencies and excellent performance 

The electrical length, /, of a trans-
mission line is easily found: 

V 

Where lp is the physical length in meters, 
and V is the velocity factor (1 for air, 2/3 
for common coax, 4/5 for small 300-ohm 
twinlead). Or for lengths in feet: 

3.28 lp 
i — 

The actual wavelength in meters is also 
easily determined: 

\ = 3oo 
f 

Where f is the frequency in megahertz. 
For example, a coax line shorted at one 
end is 1 meter long. What is its electrical 
length at 6 meters? Since V is 2/3 for 
common coax, 

ELECTRICAL 
LENGTH, I I LESS THAN \ 

4 ^ 4 

SHORTED 

INDUCTIVE PARALLEL RESONANT 
(HIGH Z A) F) 

SERIES RESONANT 
(LOW Z AT F) 

1 
U Jt J INDUCTIVE PARALLEL RESONANT 

(HIGH Z A) F) 

— I r -
CAPACITIVE SERIES RESONANT 

(LOW Z AT F) 

OPEN 

U-—Jt- 4 CAPACITIVE SERIES RESONANT INDUCTIVE 

~ T |/ T 

PARALLEL RESONANT 

fig. 3. E lectr ical properties of transmission-line resonators. 

and reproducibility, unlike some circuits 
using conventional lumped capacitors and 
inductors. 

Unfortunately, it is sometimes hard to 
remember which type of transmission line 
exhibits which characteristics. To help 
out, table 1 summarizes the properties of 
shorted and open lines in terms of elec-
trical length. The table lists wave lengths 
only between zero and A / 2 , but the 
addition of A / 2 , or any multiple of A / 2 , 
does not change the properties. 

The electrical length is 1.5M, so is 
one-fourth wavelength ( A /4) and acts as 
a para 11 el-tuned resonant circuit. 

The transmission line can be loaded 
with a capacitor for tuning or to shorten 
the necessary line length. The effect of 
the capacitance depends on line im-
pedance, location of the capacitor, fre-
quency, etc. Either experimentation or 
consultation of a reference containing 
details will help out here. 

Paul Franson, WA7KRE 
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r f power t r a n s i s t o r s 

s i x -band receiver 

Lafayette Radio has announced a new 
solid-state six-band amateur-band receiver 
that incorporates three field-effect tran-
sistors and two mechanical filters to 
assure high selectivity with superior rf 
overload and noise suppression. The 
built-in power supply permits operation 
on either 117 Vac or 12 Vdc. Sensitivity 
is better than 1 JJV on 80, 40 and 20 
meters, 0.5 AJV on 10 and 15 meters, and 
2.5 juV on 6 meters. The double-con-
version design uses a first i-f at 2.608 
MHz and second i-f at 455 kHz; image 
rejection is better than 40 dB. Audio 
output impedance, 8 and 500 ohms; 
audio power, 1 watt; antenna input 
impedance, 50 ohms. $149.95. For more 
information, write to Lafayette Radio 
Electronics, 111 Jericho Turnpike, 
Syosset, L. I., New York 11791. 

Motorola Semiconductor has an-
nounced a new line of balanced-emitter rf 
power transistors that can provide 12 
watts at 450 MHz with a 12.5-volt power 
supply. The new transistors, the 2N5644 
through 2N5646, are intended for use as 
power amplifiers for the commercial uhf 
mobile fm band, but are also suitable for 
amateur applications on 144,220 and 432 
MHz. Since these devices are specifically 
designed for operation from 12.5 volts, 
no dc-to-dc converter is required. 

The 2N5646 family is supplied in the 
popu lar 3/8-inch ceramic stripline 
opposed-emi t te r package. Low-in-
ductance leads provide easy design and 
adjustment, especially in broadband 
circuitry. An important feature of the 
new transistors is their balanced-emitter 
construction: each device is composed of 
many monolithic transistors in parallel 
with a nichrome resistor in series with 
each emitter. If emitter current tends to 
increase in any one of the transistors, the 
rise in voltage across the emitter resistor 
decreases base-emitter voltage, reducing 
the current flow. The equivalent re-
sistance of all the resistors is very low, so 
they don't cause significant degeneration. 
Because of the balanced-emitter con-
struction these transistors are very re-
sistant to damage from mismatched loads 
or detuning. For more information, con-
tact the Technical Information Center, 
Motorola Semiconductor Products, Inc., 
Box 20924, Phoenix, Arizona 85036. A 
similar line for 25 watts output is under 
development. 
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rf a m p l i f i e r ic 

Motorola's new MC1590 rf/i-f ampli-
fier features more than 20 dB increase 
over previous ic amplifiers in rf power 
gain (45 dB typical at 60 MHz) and age 
capability (60 dB minimum from dc to 
60 MHz). The high gain and wide-range 
age are especially useful in portable re-
ceivers where wide ranges of signal levels 
are encountered. The wide-range age 
allows the device to be used in the audio 
range as a speech compressor; it can also 
operate as a general-purpose amplifier up 
to 150 MHz. 

The age function has negligible effect 
on the i-f passband response because the 
input and output impedances of the 
device remain essentially constant during 
age operation. For more information on 
the new MC1590, write to Technical 
Information Center, Motorola Semi-
conductor Products, Inc., Box 20924, 
Phoenix, Arizona 85036. 

and transceivers ($30.25), the XF-9C 
3.75 kHz and XF-9D 5.0 kHz bandwidth 
filters for a-m ($32.45), the XF-9E 12.0 
kHz filter for fm ($32.45) and the XF-9M 
0.5 kHz bandwidth filter for cw ($23.00). 
Matching miniature HC25/U oscillator 
crystals for ssb operation (with the 
XF-9A and -9B filters), and cw hetero-
dyne as well as 9.0 MHz a-m/cw carrier 
are $2.75 each and supplied complete 
with socket and socket fastener. For 
complete specifications on these crystals 
and crystal filters write to Spectrum 
International, P. O.Box 87, Topsfield, 
Massachusetts 01983. 

crank-up antenna masts 

Kvg crysta l filters 

0 

The KVG company of West Germany 
is a major supplier of amateur and com-
mercial crystals and crystal filters in 
Western Europe; you see them used in 
much of the amateur radio equipment 
built and advertised in the European 
amateur magazines. The KVG line of 
high-quality high-performance 9-MHz 
crystal filters and matched oscillator 
crystals for ssb, a-m and cw are now 
offered in the United States and Canada 
through Spectrum International. 

Currently, six filter models are avail-
able: the XF-9A 2.5-kHz bandwidth filter 
for ssb transmitters ($21.95), the XF-9B 
2.4 kHz bandwidth filter for ssb receivers 

The Tristao Tower Company has in-
troduced a new series of self-supporting 
crank-up masts that are built from tele-
scoping sections of high strength tubing. 
The magna mast - the larger of the two 
series — features self-supporting con-
struction with rotor bases, cabling for 
uniform raising of section, geared raising 
winches with automatic brakes for maxi-
mum safety and one-man installation 
with a swing-over design that permits 
antenna servicing at ground level (no 
ladder or service platform required). The 
magna mast comes in two different sizes: 
49 feet and 66 feet. Each is designed to 
support 12 square feet of antenna in 60 
mph winds. 

A smaller version of the self-
supporting rotating masts is called the 
mini mast and is available in 30- or 
35-foot heights. This mast will support 6 
square feet of antenna in 50 mph winds. 
For more information on these new 
self-supporting crank-up masts, write to 
the Tristao Tower Company, P.O. Box 
115, Hanford, California 93230, or 
Olympic General Corporation, P.O. Box 
64398, Los Angeles, California 90064. 
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w a l l p l a q u e s 

If you want to dress up your operating 
room, or if you're looking for a gift for 
another amateur, a hand-carved monkey-
pod call-letter plaque like that shown 
above is an ideal solution. These hand-
some plaques are handmade in the 
Philippine Islands and are available with 
4, 5 or 6 letters. The letters are about 5 
inches high and the plaques are 8 inches 
high, 20 inches long and nearly 1 inch 
thick (five-letter plaque). The four-letter 
plaques are 17 inches long; the six-letter 
plaques, 22 inches. The price of the 
four-letter plaque is $11.30 five-letter, 
$11.90and six-letter,$12.50 This includes 
Parcel Post shipment to the United 
States. 

To order your plaque, send your check 
or money order to W. J. Chapman, 
W6DQE, 10208 Roscoe Boulevard, Sun 
Valley, California 91352. He forwards the 
orders to DU1FH via air mail; when the 
plaque is completed it is mailed directly 
to you from the Philippines. Delivery is 
about 2% months after the order is 
received. 

technical a i d 

The amateur radio club at Sams Tech-
nical Institute (STI) has undertaken a 
"he lp ing hand" program to assist 
amateurs and would-be amateurs with 
technical problems. This service is avail-
able to hams in all parts of the world, and 
is aimed particularly at those who are 
isolated from other amateurs or are un-
able to get local advice. Members of the 
STI Amateur Radio Club are students 

working toward an Associate Degree in 
Electronics Engineering Technology, and 
have a well-trained staff of instructors to 
back them up.- If you have a technical 
problem that you are unable to solve, 
write to the STI Amateur Radio Club, 
WB9ADF, Sams Technical Institute, 
Interstate Industrial Park, Fort Wayne, 
Indiana 46808. STI is affiliated with ITT 
Educational Services, Inc. 

ic b r e a d b o a r d socket 

A new device is now available for 
breadboarding with 14-pin dual-inline-
package integrated circuits. The device 
consists of a small piece of epoxy-glass 
board with a 14-pin socket and two 
adjacent rows of Vector Springclip tm 

terminals; it is furnished with two pins on 
the bottom that may be press-fit 
mounted on prepunched Vectorboard 
(pattern AA). 

This new gadget speeds up integrated 
circuit breadboarding because as many as 
four solderless connections can be made 
quickly with ordinary hookup wire. Logic 
circuitry is particularly easy to set up 
with the new socket because the num-
bered terminal pins correspond to socket 
contacts and interconnections between 
sockets can be made quickly and easily. If 
discrete components are required, they 
can be mounted on the adjacent Vector-
board. 

The price of the 570G breadboard 
socket is $3.95, and may be ordered from 
Vector Electronic Company, Inc., 12460 
Gladstone Avenue, Sylmar, California 
91342. 
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a second look 
1 fisk 

If you're interested in amateur vhf fm, 
you've probably already heard about the 
new FCC docket that details proposed 
rulemaking concerning amateur repeaters. 
The docket is the result of several rule-
change proposals which have been sub-
mitted by interested individuals and or-
ganizations. The FCC commissioners read 
these "free lance" proposals, add other 
information they may have at their dis-
posal and prepare a docket which reflects 
what they feel best suits the needs of the 
amateur service. 

The new docket. Docket 18803, has 
drawn strong criticism from repeater 
enthusiasts who feel that the restrictions 
it proposes would serve to make it prac-
tically impossible to legally continue 
operating vhf fm repeaters! The proposed 
frequency changes—if the docket be-
comes law—alone would cost amateur vhf 
fm enthusiasts hundreds of thousands of 
dollars in new crystals! Never before has 
the Commission tried to dictate fre-
quencies as outlined in Docket 18803-1 
wonder if this portends things to come on 
other amateur bands? 

In addition to the receiving and trans-
mitting sub-bands proposed in Docket 
18803, it is proposed that the repeater 
log include only the time and date of the 
periods the repeater is available for ser-
vice, as well as entries indicating the 
technical and operation condition of the 

repeater. It is also proposed to amend the 
present identification rule to permit auto-
matic repeater identification by CW at 
intervals not to exceed three minutes. 

Furthermore, Docket 18803 proposes 
that a repeater be designed so that it will 
normally be activated only by means of a 
coded signal or other means which will 
effectively exclude transmissions by sta-
tions not desiring to work through the 
repeater, thus minimizing unnecessary 
transmissions and the possible resulting 
interference (the coded signal may consist 
of a single audio tone so the repeater can 
easily be "whistled on"). Possible inter-
ference is also cited as the reason for 
outlawing simultaneous re-transmissions 
on two or more bands and cross-band 
operation. The proposed receiving and 
transmitting sub-bands are obviously a 
result of the same thinking. 

However, the sub-bands tend to sub-
ject the repeater user to QRM problems 
while purporting to protect an unknown 
amateur not interested in repeater opera-
tion. How unnecessary, and unworkable, 
especially on the 420-MHz band. The 
specified channel spacing is too close for 
most of the equipment available to ama-
teurs. Furthermore, when the present 
commercial equipment is surplus and 
available to amateurs, some of it will be 
useless because it is designed to work 

(continued on page 75} 
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unusual 

cubical-quad 
antennas 

Four novel 

and interesting 

quad designs 

from overseas 

For all practical purposes, high-perfor-
mance antennas for 10, 15 and 20 
meters fall into two categories: Yagis and 
cubical quads. Each has its pros and cons, 
its advantages and disadvantages, but the 
quad has probably been the subject of 
more amateur experimentation than the 
Vagi. The reason is simple: the quad is 
used primarily on the amateur bands 
while the Yagi sees service in commercial 
and mil i tary applications as well 

The cubical quad offers surprisingly 
high gain and excellent front to-back ra 
t io wi th a relatively short boom. Couple 
this wi th a low-angle vertical radiation 
pattern and you have performance that's 
hard to beat. However, the quad is not 
wi thout its disadvantages: it's large, un-
gainly and offers high wind resistance. 
Fiberglass spreaders have solved some of 
the mechanical problems, but bamboo 
poles are still used by many, particularly 
overseas. Some all-metal quads have been 
built, but this requires careful design 
because of the large mass of metal in the 
antenna's rf field. 

The antennas described below are vari-
ations on the basic quad theme antennas 
that were designed to overcome some of 
the mechanical problems of building it, 
putting it up and keeping it there. These 
are quads that were designed wi th dif 
ferent feed systems, new supporting 
structures, different construction ap 
proaches -interesting cubical quad designs 
that have received little publicity outside 
the country where they originated. 

english quad 

One of the first variations of the basic 
cubical quad was G4ZU's bird-cage an-
tenna shown in fig. 1. This antenna, 
popular in Europe a few years ago, 
received l i t t le notice from the American 
amateurs. However, it is an interesting 
design that solves some of the electrical 

^ and mechanical problems associated wi th 
r ; the true quad. 

Although the bird-cage uses two full-
is wave loops, the upper and lower sides are 
^ made from aluminum tubing bent into a 
^ " V . " This simplifies the supporting 
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structure, lowers the wind resistance and 
puts the low-impedance feed point near 
the mast. The vertical elements joining 
the horizontal aluminum supports are 
made f rom wire. Since the points where 
the antenna is attached to the vertical 
rotating mast are points of minimum rf 
voltage, insulation is simplified and 
weather losses are minimized. (Low-cost 
insulating material suggested by G4ZU 
includes wax-impregnated wood and bake-
lite.) 

The stubs in the horizontal members of 
the antenna are used for tuning the 

fig. 1. G 4 Z U ' s quad design simplif ied 
construct ion and feedline problems. 

system to frequency. It has been sug-
gested that by increasing the vertical 
wires to somewhat more than Va wave, the 
antenna would resonate below the desired 
band. Variable capacitors could be 
inserted in each loop near the feed point 
to tune the antenna (the radiator being 
tuned for minimum swr, the reflector 
The German quad, a specialized high-gain mult i 
band antenna designed by DJ4VM, appeared in 
the August, 1969, issue of ham radio. Editor 

tuned for maximum forward gain). 
If the upper stubs are made f rom a 

>2-wavelength section of 300 ohm twin 
lead (at the desired 20-meter frequency), 
the antenna can also be used on 40 
meters because the stub becomes % wave-
length at 7 MHz and the radiator becomes 
a half wave element. The long stub can be 
run down inside the mast. 

swiss quad 
Another radical departure from con-

ventional cubical-quad design isHB9CV's 
Swiss quad shown in fig. 2. This antenna, 
l ike G4ZU's, has been more popular in 
Europe than here in the States, but it's an 
interesting approach that offers several 
constructional advantages. 

The horizontal elements of the Swiss 
quad are made from aluminum tubing, 
the vertical elements are no. 14 to no. 10 
stranded wire, and the antenna is fed wi th 
a gamma match and coaxial line. Com-
plete dimensions for 10, 15 and 20 
meters are given in table 1. 

The vertical elements should be initial 
ly made slightly longer than that shown 
in table 1 to facilitate tuning (this lowers 
the resonant frequency.) Couple a grid-
dip meter to the antenna, and shorten the 
vertical wires to raise the resonant fre-
quency to the desired point. A slight 
upward bend on the upper elements wi l l 
keep the vertical wires tight. 

Af ter the quad is tuned to resonance 
check the swr. If it is too high adjust the 
gamma match accordingly. Be sure to 
lengthen or shorten both ends of the 
gamma match by exactly the same 
amount. 

When building the Swiss quad it's 
extremely important that the mast be 
securely connected to the aluminum ele-
ments and well grounded. Some builders 
have found less tuning and swr problems 
by insulating the horizontal aluminum 
elements from the mast and connecting 
their exact centers w i th wire; this wire is 
then connected to the mast. The elements 
can be simply insulated by running the 
elements through short sections of flexi-
ble plastic water pipe. 
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soviet quad 

The unique three-band antenna shown 
in fig. 3 consists of two wire squares 
approximately 12 feet on a side, spaced 
114 inches apart. The top and bottom of 

radiator while the other is a reflector; the 
reflector is fed through a 91-inch length 
of 300-ohm twinlead. According to the 
designer, UB5UG, the antenna has 8-dB 
gain on 14 MHz and 10-dB gain on 21 
MHz. 

table 1. Dimensions for the Swiss quad (in inches). 

frequency 
(MHz) 

reflector 
horizontal 

< R > 

radiator 
horizonal 

(D) 
vertical 

(H) 
spacing 

(S) 

fig. 2, The Swiss quad 
is an unusual high-
p e r f o r m a n c e design 
that has been popular 
in Europe. Complete 
dimensions are given in 
table 1. 

gamma 
length 

(L) 

gamma 
spacing 

(A) 

14.05 
14.2 

248 
245 

223'/z 
221 

236 
233 

84 
83 

188V2 
1 86Vz 

4'/4 
4V4 

21.05 
21.2 

165 
162V2 

149 
148 

157 
1S5V2 

56 
55 V* 

126 
124Vz 

2Vz 
2V2 

28.05 
28.5 

124 
122 

1 1 2 
110 

118 
116 

42 
41V2 

94V2 
93 

each square is broken in the center and 
shunted with 300 ohm twinlead stubs 
that resonate the antenna on 10, 15 and 
20 meters. One square is used as the 

When fed with 50-ohm coax, the swr is 
less than 2.7:1 on all bands. Input resist-
ance is 30 ohms on 14 MHz, 90 ohms on 
21 MHz and 80 ohms on 28 MHz. For 
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lower swr performance, two equal-length 
pieces of 75-ohm coax can be used in 
parallel on twenty meters (equivalent 
impedance 37.5 ohms); for the upper two 
bands one piece of coax is disconnected 
at the transmitter. With this system the 

used. However, the UB5UG system 
doesn't use a long metal boom,and metal 
parts that might degrade performance are 
at the bot tom out of the rf field. 

Tuneup consists of adjusting the verti-
cal 300-ohm stubs for resonance at the 

144 S" 

ANTENNA CONFIGURATION 

fig. 3. UBSUG's simple quad provides three-band operation. Both reflector and director are the 
same size. 

swr should be less than 1.5:1 on all 
bands. 

Construction, as shown in fig. 4 is 
somewhat dif ferent than that normally 
seen, although there is no reason a con-
ventional quad arrangement could not be 

fig. 4. Construction of the spider for 
the Soviet quad. 

desired spot on the 20-meter band. 
Front-to-back ratio and forward gain are 
optimized by adjusting the length of the 
reflector feeder. (Be sure this feed line is 
twisted one-half turn.) 

japanese quad 

Cubical quads for 15 and 20 meters are 
pretty large, and some amateurs simply 
don ' t have the space to get them up into 
the air. The design in fig. 5 by J A 1 0 Y Y 
uses loading coils to reduce the size by 
30% Although the original design was 
for 15 meters, the idea is equally appli 
cable to other bands; suggested coil values 
are lised in table 2. 

A full-sized 21-MHz quad is 11 feet, 8 
inches on a side; this reduced-size unit has 
sides that are 8 feet, 2 inches long. The 
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four loading coils are placed at low-
current points so there is minimal effect 
on the radiation efficiency of the anten-
na. Spacing between radiator and director 
is 0.175 wavelength for maximum front 

on the bottom of the elements are 
equipped with alligator clips for tuneup. 
When the correct tap point has been 
found the clips can be replaced with 
soldered connections. 

fig. S. Miniature quad 
design by J A 1 0 Y Y uses 
loading coifs in the hor-
izontal elements. Com-
plete dimensions are 
given in table 2. 

table 2. Construction details of the Japanese quad (in inches). 
coil 

frequency quad side spacing location coil winding 
(MHz) (A) (B) (j iH) info 

14 152 101 38 3.0 17V2 turns no. 14, 
1V2" diameter, 

5" long 

21 98 67 24 Vi 2.0 11 turns no. 14, 
IV2" diameter, 
3Vz" long 

28 77 50 19V4 1.5 9V2 turns no. 14, 
IV2" diameter, 
3V2" long 

to-back ratio. 
The loading coils consist of 11 turns 

no. 14 wire spaced to fill a form V/2 

inches in diameter and 4 inches long. 
Commercial coil stock such as B&W or 
Airdux could also be used. The com-
pleted co/ls should be protected from the 
weather for long life and optimum per-
formance; plastic refrigerator boxes are 
ideal for this purpose. Note that the coils 

Although the quad built by JA10YY 
uses angle-iron spiders and wood 
spreaders, fiberglass poles and cast alumi-
num spiders will last longer. With the 21-
MHz dimensions shown in table 2 this 
miniature quad is resonant at 21.350 
MHz (swr 1.1:1 with 50-ohm coaxial 
feed line); at 21.450 MHz the swr is 1.2:1 
at 21.200 MHz the swr is 1.5:1. 

ham radio 
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multiband 
dipoles 

for 

portable use 

Low cost, 

simplicity, 

and efficiency 

are the keynotes 

of these 

antenna designs 

The multiband dipole is an attractive 
antenna for portable or Field Day opera-
tion. It's light, easy to carry and erect, 
and very inexpensive to build. Best of all, 
it's rioncritical in adjustment and provides 
a low swr for commonly used 50-ohm 
coaxial transmission lines. 

Simple multiband dipole antennas can 
take one of two forms. The most easily 
constructed two-band antenna consists 
merely of two dipoles tied in parallel at 
the feed point. A more sophisticated 
antenna uses parallel-tuned traps in series 
wi th the dipole element (fig. 2). 

i t was desired to build a few antennas 
for the ARRL Field Day contest, but a 
search of the literature failed to provide 
any dimensional data or information on 
multiband dipole systems for the higher-
frequency bands. Accordingly, several 
multiband dipole antennas were con-
structed and tested during the spring of 
1968 wi th the hope of obtaining a suit-

es fx o <t o> 
re 

re 
O 
cn O ^ 
re 
O 
c re 
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.2 'w re > 

c o 
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iii 
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able design before the contest began. This 
article covers three designs that evolved 
from these tests. Perhaps one of them wil l 
suit your Field Day requirements. 

parallel dipoles 

The parallel dipole shown in fig. 1 is 
simpler than the trap dipole, but its use is 
limited to harmonically related bands. A 
parallel dipole may be built for 20 and 10 
meters, because 10 meters is the second 
harmonic of 20 meters. However, trouble 
occurs when an attempt is made to use 
two dipoles not harmonically related. For 
example, a parallel dipole for 20 and 15 
meters or for 15 and 10 meters isn't 
practical. These bands aren't harmoni-
cally related, and the dipoles have so 
much mutual reactance it's impossible to 
establish resonance wi thout an auxiliary 
tuning unit. This defeats the whole pur-
pose of the undertaking; namely, that of 
constructing a simple multiband antenna 
system. 

For harmonically related bands, how-
ever, the lower-frequency dipole presents 
a high resistive impedance to the higher-
frequency dipole and doesn't affect its 
operation to any noticeable extent. In the 
case of harmonically unrelated bands, 
such as 20 and 15, or 15 and 10 meters, 
the lower-frequency dipole is highly re-
active at the higher operating frequency 
and introduces an intolerable degree of 
detuning to the higher-frequency an-
tenna. The higher-frequency antenna 
doesn't influence the lower-frequency an-
tenna to any great degree, but the lower 
frequency antenna—unless it presents a 
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resistive load to the higher frequency 
antenna-introduces sufficient reactance 
at the feedpoint of the combined system 
to "upset the applecart." 

Paralleled, harmonically related an-
tennas detune each other to a small 
extent. The low-frequency dipole appears 
to resonate at a lower frequency and the 
higher frequency dipole at a higher fre-
quency than normal. This can be comp-

fig. 1. Parallel dipole arrangement. Two 
dipoles, resonant at harmonically related 
bands, are connected in parallel; interaction 
is negligible because of impedance relation-
ships. 

ensated by trimming the dipoles to their 
operating frequencies. 

trap dipoles 
The trap antenna operates on the 

principle of parallel-tuned circuits placed 
at critical points in the element. The 
tuned circuits or traps, electrically con-
nect or disconnect the outer sections of 
the element as the antenna's excitation 

the loading effect contributed by the 
inductive reactance of the traps. At some 
higher frequency, the outer set of traps is 
parallel resonant. This places a high im-
pedance between the center portion of 
the element and the ends beyond the 
traps. Thus, the element resonates at a 
frequency higher than that determined by 
the over-all physical length of the ele-
ment. As the operating frequency is 
increased, the inner set of traps becomes 
resonant, effectively disconnecting a larg-
er portion of the element from the center 
driven section. The length of the center 
section is therefore resonant at the high-
est operation frequency. The center sec-
tion, plus two adjacent inner sec-
tions, are resonant at the intermediate 
operation frequency, and the complete 
element is resor>a«t at the lowest opera-
tion frequency. 

A t the lower frequencies, the traps in 
the active portion of the element con-
tribute a reactive load that makes the 
over-all element length somewhat shorter 
than that determined by formula. As a 
result, the lengths of the multiband trap-
ped dipole sections must be determined 
by cut-and-try, since the loading con-
tributed by the traps is difficult to 
determine. 

The efficiency of such a system is 
generally established by trap- and ele-

<Z5- thap TRAP 

J AT F3 • 
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I 
X 
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\ BO-OHM COAX 

fig. 2. Trap dipole for nonharmonically related bands. Traps are parallel-resonant circuits that 
provide high impedance at resonant frequency and low impedance at frequencies far from resonance. 

frequency is changed. 
At the lowest operating frequency, the 

tuned traps have a minimum effect on the 
antenna, which is resonant at a frequency 
determined by its electrical length. The 
electrical length is influenced slightly by 

ment-tuning accuracy and by the Q of the 
traps. An accurately tuned multiband 
dipole using high-Q traps compares fav-
orably with full-size, separate dipoles as 
far as efficiency and bandwidth are con-
cerned. 
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20-15 meter trap dipoles 

These bands aren't harmonically re-
lated, so a parallel dipole isn't practical, 
and a trap dipole must be used (fig. 3). 
The dimensions are given in fig. 3A. The 
15-meter portion is resonant at about 
21.15 MHz. It's length is very close to the 

may be a random length of RG-58A/U 
for power up to 500 watts PEP, or 
RG-8/U for power up to 1000 watts PEP. 
The smaller cable is recommended for 
Field-Day use, as it's easier to handle than 
the RG-8/U. 

The completed 20-15 meter trap an-
tenna produces the swr curves shown in 
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figure obtained from the formula given in 
the handbooks. 

The 20-meter length is shortened by 
the loading effect of the 15-meter trap to 
29 feet, 8 inches. The traps are about 2 
inches long. This length must be included 
in the over-all measurement, which makes 
the tip sections each 3 feet, 71/2 inches 
long. 

The dipole is fed from a balun.1 This is 
necessary if meaningful swr measure-
ments are to be obtained. The feedline 

the chart of fig. 3C. A t the design 
frequency of 14.15 MHz, the 20-meter 
dipole exhibits an swr of about 1.25 at 
the end of a half wavelength of transmis-
sion line. At the limits of the 20-meter 
band, the swr rises to less than 1.6. On 15 
meters, at the design frequency of 21.15 
MHz, the antenna exhibits an swr of about 
1.09, rising to less than 1.9 the high-
frequency end of the band and to 1.4 at the 
low-frequency end. These swr figures are 
well within the limits normally established 

I 4 [ g r n a y 1970 



for use w i th most transmitting equipment. 

20-10 meter parallel dipole 
A practical 20-10 meter parallel dipole 

is shown in fig. 4. Two separate dipoles are 
connected in parallel at the feed point, 
wi th their ends separated about five feet. 
The 20-meter dipole dimensions are nor-
mal but the 10-meter dipole is lengthened 

antenna, as suggested for the previous 
antenna. Typical swr curves for the 20-
and 10-meter bands are shown in fig. 4B. 
The swr remains below 1.6 across the 
20-meter band and remains below 1.6 
across nearly a megahertz of the 10-meter 
band. For the high end of 10 meters, the 
10-meter dipole should be shortened about 
three inches at each end. 

<0 

/ f 

• / 
* 

s / 
V / 

0 / r 

-
r / 

14 0 
280 

14.1 
28.2 

142 
28.4 

14.3 
286 

144 
28 8 

14 5 
29 O 

FREQUENCY (MHz) 

fig. 4 . 20-10 meter parallel dipole design and swr as a function of frequency. No traps are needed in 
this inexpensive system, which can be adapted for other harmonically related bands. The length of 
the lower-frequency dipole (in feet) is equal to 478/ f where f is a frequency in MHz; length of the 
higher-frequency dipole is 4 8 5 / f . 

slightly to re-establish resonance, which is 
affected by the addition of the 20-meter 
section. Formulas for computing correct 
dipole lengths for other harmonically 
related bands (40 and 20 meters, for 
example) are given. Dipole spacing at the 
ends isn't crit ical; however, too-close 
spacing wi l l detune the antennas. A separa-
tion of five feet is satisfactory for the 
20-10 meter antenna system; for a 40-20 
meter antenna, ten feet is satisfactory. 

Again, a simple balun is placed at the 

a 20-15-10 meter trap dipole 
The trap technique may be extended 

to three bands. Two sets of traps are 
required, one for 10 meters and one for 
15 meters. Construction information for 
a triband trap dipole is given in fig. 5. 
While the 10-meter dimensions are nor-
mal, both antenna lengths for the 15- and 
20-meter sections are shortened by trap 
loading. Over-all antenna length is only 26 
feet, 2 inches. No matter. The antenna 
performs remarkably well on all three 
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bands, and comparisons with full-size 
dipoles indicated little or no difference in 
signal strength between antennas, either 
on transmit or receive. 

Two sets of traps decrease the opera-
ing bandwidth somewhat, as seen from 
the swr curves of fig. 5B. However, the 
over-all bandwidths still permit an swr of 
2.15 or less across the 20-meter band, with 
a minimum swr of 1.3 at the resonant 
frequency of 14.3 MHz. The 15-meter 
antenna meter swr is higher. It's close to 
1.6 at the resonant frequency of 21.22 

to 29.0 MHz. 
As in the case of the other antennas, a 

balun feed and 50-ohm transmission line 
are used. 

trap resonant frequency 
Trap adjustment is easy if the proper 

procedure is used. The only instruments 
required are a grid-dip oscillator and a 
calibrated receiver. But you must know 
where to tune the traps for optimum 
performance. 

Tradition says the traps should be 
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f ig . 5 . Trap dipole for 
20-15-10 meters and swr re-
sponse. The 15-meter trap is 
the same as in fig. 3; for 10 
meters, use 20 pF in parallel 
with 8-3/4 turns number 16 
wire, 1 inch ID x 1-1/8 inch 
long, 8 turns per inch (or use 
Air-Dux 808T) . Resonate to 
27.8 MHz. 
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MHz, rising to about 2.4 at the lower band 
edge and to 2.2 at the high edge. 
The 10-meter swr curve is quite broad. 
Although not quite as good as that of a 
single 10-meter dipole, it's about the 
same as that of the parallel dipole shown 
in fig. 4. Nevertheless, the swr remains 
below 1.6 from the low edge of the phone 
band to about 28.85 MHz, and is below 2.0 

tuned to the low edge of the band, or just 
outside the low edge. Measurements made 
on various trap beam antennas showed 
that the traps were indeed tuned in this 
manner. Discussions with antenna manu-
facturers on trap tuning have led to the 
conclusion that traps are adjusted in this 
manner merely because the competition 
does it, and none really knows the reason 
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for trap adjustment-if they do, they're 
not saying! I saw no valid reason for this 
particular choice of trap resonant fre-
quency, so I made some tests. 

The tests revealed (1) there's no magic 
frequency to which the traps should be 
tuned, and (2) if the trap is tuned to 
resonance with the band in which it is 
supposed to resemble a switch, all will 
work as expected. 

However, I noticed on repeated tests 
that, when the trap was tuned lower in 
frequency than the expected range of 

i • i • i 
O N I I N C H 

Typical 15-mcter trap. Lead length affects 
resonant f requency slightly, and trap should be 
measured with connecting leads In place. 

operation, the antenna bandwidth on that 
band was improved. In other words, 
tuning the trap to some frequency within 
the band restricted antenna bandwidth. 
To obtain the best bandwidth, it proved 
best to tune the traps somewhat lower than 
the lowest expected operating frequency. 

The exact frequency to which the trap 
was tuned didn't seem too critical as long 
as both traps (for the same band) were 
tuned to the same frequency. Tests using 
tunable traps indicated good results with 
the 10-meter traps tuned to 27.8 MHz, 
the 15-meter traps tuned to 20.85 MHz, 
and (for 40-20 meter trap antennas) the 

20-meter traps tuned to 13.9 MHz. As 
long as the traps were resonant outside the 
low-frequency end of the band by fifty to 
several hundred kilohertz, antenna action 
remained unchanged for all practical pur-
poses. When the trap resonant frequency 
approached the operating frequency, or 
was higher than the operating frequency, 
antenna bandwidth became progressively 
more restricted, as shown by the measur-
ed standing wave ratio. 

This seemed to be the "secret" of 
proper trap adjustment. Just why this is 
so I'll leave as an exercise for the reader. 

trap construction 
Construction of a typical trap is sug-

gested in the photo. The trap can be built 
around a strain insulator, which will 
remove the antenna tension from the coil 
and capacitor. The strain insulator has 
measurable capacitance (about 1 pF) so it 
must be considered as part of the trap 
circuit. The coil may be placed around 
the insulator, with the capacitor con-
nected around the coil. 

Trap length enters into the over all 
length of the antenna. A standard length 
of two inches is used for the traps shown 
here. Generally speaking, the L/C ratio of 
the trap is not too important; traps have 
been built around high-voltage ceramic 
capacitors of 20 or 25 pF. For power 
output of 500 watts PEP, the Centralab 
853A-20Z ceramic capacitor is ideal. It 
has a capacitance of 20 pF and a voltage 
rating of 3 kV. Small, commercially built 
air wound inductors may be used for the 
trap coils, such as the Barker & William 
son or Air-Dux coils. 

To attach the traps easily to the 
antenna wires, it's a good idea to add 114-
inch leads to each end of the trap. The 
leads may then be twisted around the 
antenna wires and soldered. 

assembling the traps 
Attach about a foot of wire to the 

strain insulator, then loop the wire 
through the insulator and back upon 
itself. Cut the wire to length and solder 
the joint. The coil may be placed over the 
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insulator or beside it. Solder the coil leads 
to those of the insulator, then solder the 
capacitor in parallel. 

trap tuning 
Place the trap in a clear sppt away 

from metal objects. Loosely couple it to a 
grid dip oscillator. Check the trap resonant 
frequency against a calibrated receiver. As 
mentioned previously, the exact resonant 
frequency isn't important as long as it's 
outside the low-frequency end of the band. 
Both traps of the set should have resonant 
frequencies within about 50 kHz of each 
other. 

weatherproofing 
Moistureproofing seems to be more of 

a problem than building the traps. If it's 
guaranteed not to rain on Field Day, the 
traps may be used without a protective 
shield. An emergency rain shield may be 
made by wrapping the traps in kitchen 
plastic and stapling the plastic cover 
around the trap. A better shield may be 
made from a polyethylene "squeeze 
bott le," obtainable at a drug store. The 
best (and most time-consuming) trap 
shield may be made of plastic tubing wi th 
end pieces cemented into a waterproof 
cylinder around the trap. 

Regardless of the weatherproofing 
method, it's imperative that the traps be 
protected from water, otherwise the 
traps wi l l become detuned when wet and 
may, in fact, flash over and be destroyed. 

antenna adjustment 
The antenna dimensions and trap data 

guarantee that an antenna constructed in 
this fashion wil l work. A check on opera-
tion may be made by running an swr 
curve across the amateur bands for which 
the antenna is designed. The resulting 
curves should resemble those in this 
article. Note, however, that swr curves 
obtained without a balun between the 
antenna and the feedline are meaningless 
and are not representative of antenna 
performance. 

If the swr on one or more bands 
indicates the antenna is resonant at a 

frequency other than that desired, an-
tenna resonance may be re-established by 
altering the length of the antenna section 
in question. Adjustments shouldn't be 
made to the traps after once set, as too 
many variables wi l l certainly lead to 
improper antenna adjustment. 

Adjustment should be made to the 
highest-frequency antenna first, followed 
by the next lower-frequency segment. 
Once the 10-meter sections are of the 
proper length, the 15-meter sections may 
be adjusted, then the 20-meter section. It 
must be remembered that adjustments 
made to one antenna section affect the 
adjustments of the /otver-frequency sec-
tions, since the higher-frequency antennas 
form a part of the lower-frequency ones. 

Don't deliberately look for trouble, 
because the data and measurements given 
for these antennas have been tried in 
various installations wi th complete suc-
cess. It can be seen, futhermore, that trap 
antennas can be designed for two or more 
frequency bands, regardless of their har-
monic relationship, in the fashion out-
lined in this article. 

power limitations 
It's possible to destroy an antenna 

trap, as some "California k i lowatt" users 
have discovered to their dismay. The 
limiting factors are capacitor flashover 
and coil heating. The trap construction 
described in this article is satisfactory for 
power up to 500 watts PEP in the 
antenna; but for the maximum amateur 
power rating, it's recommended that 
more robust components be used. For 
high-power construction, two Centralab 
type 858, 50-pF, 5-kV capacitors may be 
connected in series to provide a 10-kV 
rating. The coil could be self supporting, 
wound wi th tv aluminum ground wire or 
number 10 copper wire. Trap size wil l 
increase, requiring slight adjustments to 
the antenna sections. 

reference 
1. William I. Orr, "Broadband Antenna 
Baluns/'ftam radio, June, 1968, p. 6. 
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improved 

triangular shaped 

beam antenna 

Presented in this article is a beam antenna 
covering 7 through 28 MHz using tri-
angular-shaped elements. It is simpler 
than similar antennas I have developed 

1 2 
previously. ' Instead of 14 elements, 
only 6 are used. Little if any sacrifice in 
gain occurs on 21 MHz, and there's an 
increase in gain on 28 MHz compared with 
the original design. 
electrical description 

All elements except the 7- and 21-MHz 
driven element and director are closed 
loops (fig. 1). The 7-MHz beam consists 
of a driven element and director spaced 
1/8 wavelength. The wire elements are 
folded in a triangular shape with sides of 
equal length. The bottom leg of the 
triangle is parallel to the earth. The driven 
elements are fed at the center of this 
horizontal side. Nominal radiation re-
sistance of the 7-MHz antenna is 15 
ohms. 

The 21-MHz antenna uses the same 
two elements as the 7-MHz antenna. 
Since its operating frequency is three 
times the fundamental, the 21-MHz an-
tenna's electrical length is 1.5 wave-
lengths. Element spacing is 3/8 wave-
length. Its radiation resistance is 215 
ohms. 

The 14-MHz antenna is a four-element 
beam. Reflector, driven element, and two 
directors are closed triangular loops one 
wavelength in perimeter. The elements are 
spaced about 1/8 wavelength. The driven 
element is fed at the center of the triangle 
horizontal leg in the same way as the 
7/21-MHz driven element. 

Phys ica l ly , the 28-MHz antenna 
doubles as the 14-MHz antenna. Elec-
trically, however, it is two wavelengths in 
perimeter on 28 MHz. Element spacing is 
% wavelength on this band. Radiation 
resistance on 28 MHz is 175 ohms; on 14 
MHz it is 65 ohms. 

directivity and gain 
The beam's directivity on the four 

bands is given in table 1. Directivity, as 
considered here, is a measure of beam-
width. That is, the directivity is the 

_i power concentrated through a portion of 
§ the space around the antenna, as opposed 
S» to that from an isotropic source. 
§ Directivity is a useful comparative 
# parameter. It's merely necessary to plot a 
5 receiving antenna pattern using a signal 
cd source at any desired distance from the 
«5 antenna, then calculate the directivity 
I using the half-power beamwidth. The o 
Z numbers in table 1 are based on the 
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assumption that antenna beam widths are 
the same in the vertical and horizontal 
planes. 

wire lengths 
The wire lengths in fig. 1 were deter-

mined by cut and try. The resonant 
frequency of the driven elements was 
measured at an operating height of 60 
feet above ground, using an ac fre-
quency-compensated bridge. Each an-
tenna element is a series-resonant circuit, 
whose resonant frequency is a function of 

KBEOUENCY 
BAND (MHz) 

NUMBER 
OF ELEMENTS 

ELEMENT SPACING 
(APPROX A ) 

DIRECTIVITY 
(SEE TEXT) * 

RADIATION RESISTANCE (A) 
7 2 i/a 4 IS 

14 4 1/8 10 65 
21 Z 3/8 7 215 
28 4 1/4 16 175 

*AS A BASIS FOR COMHURISON, THE DIRECTIVITY 
OF A HALF- WAVELENGTH ANTENNA IS I.64 

table 1. Beam antenna characteristics 

wire lengths of the driven elements. An 
over-all change of 13 inches will move the 
resonant frequency about 0.1 MHz and 
0.22 MHz in the 7- and 14-MHz bands 
respectively. The other element lengths 

CLOSED LOOP LENGTH -S9€ IN. 

REFLECTOR 
M » 28 MHz 

MtM MHz. CLOSED 71 Zl MHx. OPEN LOOP LENGTH t HCCES OF Wmt 
• M3 IN. ( f • 14.03 MHlf EACH 419 IM. LOH9. 

If -7.04 HHi) 

CLOSED LiOOP LENGTH 
• «#0 IN. 

FIRST aWECTOB m 28 MK1 

1/8 » 1/4 > 3 IN. PLEXIGLASS 
SPACER EVERY 3 FEET 

fig. 1. Layout detail of the triangular elements. 

physical wire size and length. Capacitance 
is determined by the physical distance 
between the element and the ground, 
tower, houses, trees, antenna boom, and 
other antenna elements. 

For these reasons, wire-element 
lengths will be affected by your antenna 
site and by antenna height. The antenna 
should have the wire lengths given in fig. 
1. The resonant frequency of the driven 
elements should be measured at the 
operat ing height. (A measurement 
method is described below.) 

If the operating frequency is unsatis-
factory, it may be altered by changing the 

can remain unchanged with little effect 
on performance. 

feed line type and tuning 
A single 125-ohm shielded trans-

mission line feeds both driven elements, 
which are tied together at a common feed 
point. The feed line is electrically one 
wavelength long at the operating fre-
quency in the 7-MHz band, which makes 
it 2 wavelengths on 14 MHz; 3 wave-
lengths on 21 MHz; and 4 wavelengths on 
28 MHz. A feed line that is a multiple of 
V2 wavelength reflects the load resistance 
to the input end of the line. Therefore, 
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REFLECTOR 
SPIDER 

EYE FROM 5/16 IN. 
£ re BOLT (6 REQO) 

/WELD TO BOOM AS 
J OUTRIGGER ROPE 
f RETAINER 
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i" -
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11/2" L \ , BOOM - 11/4 IN. 
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SQUEEZE FLAT 

1/2" DRILL 
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OUTRIGGER 
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' J 

SECTION fl-fl 

OUTRIGGER SUPPORT-
t/2 IN. OIA I I IN. LONG 
STEEL (3 REOO) 

ROTOR POST-
I I - * IN. CONDUIT 
« 12 IN. LONG 

fig. 2. C o n s t r u c t i o n of the boom. 
SECTION A-A 

the even-wavelength-multiple line makes 
it possible to operate the antenna on four 
bands with a single feed line, providing an 
antenna tuner is used to match the 
transmitter to the resistance appearing at 
the input end of the line. This resistance 
will be the antenna's radiation resistance, 
providing the antenna is tuned (cut) for 
resonance at the frequency at which the 
feed line is a multiple of V2 wavelength. 

Here's a procedure for tuning the 
antenna-feed line system: 

1. Decide on the frequency at which 
optimum efficient is desired. This will 
be influenced by whether cw or phone 
operation is contemplated for the 
greater portion of time. 

2. Calculate the approximate electrical 
length of feed line needed for opera-
tion at the desired frequency. Consider 
the line's velocity factor and the dis-
tance from transmitter to antenna feed 

point. (A discussion of velocity factor 
is contained in the A R R L Handbook.) 
Add a couple of feet to the calculated 
length as a safety factor, and cut the 
line. 

3. Short circuit one end of the line, 
and connect the antenna bridge to the 
other end. Determine the frequency at 
which a null occurs with the bridge set 
to zero. Cut the line, a little at a time, 
until the bridge nulls at the desired 
operating frequency. The greater the 
number of half wavelengths in the line, 
the less will be the frequency change 
per inch of length removed. 

4. Run the line from the operating 
position up the tower and out the 
antenna boom to the driven element 
spider. From the driven element 
spider, the line can hang free to where 
it's attached to the driven elements. 
Connect the feed line to both driven 
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elements, not to just one. (Interaction 
exists between all elements on this 
antenna as with any beam.) 

5. Connect the bridge to the oper-
ating-position end of the transmission 
line. Raise the tower and antenna to 
the operating height. Find the bridge 
null that indicates the antenna 
resonant frequency. Alter the antenna 
driven element length to bring its 
resonant frequency to the desired 
operating frequency. Antenna radia-
tion resistance will be reflected at the 
bridge-end of the line when antenna 
resonant frequency is the same as that 
at which the transmission line is a 
multiple of an electrical half wave-
length. 

6. Connect the bridge to the antenna 
tuner output. Set the bridge to the 
antenna radiation resistance of one of 
the bands. Tune the antenna tuner to 
the operating frequency for the band, 

fig. 3. Spider. 

N O T E ; SPIDER 
DIMENSIONS ARE 
FOR USE WITH 
13 FT. ARMS 

/ IS4 » I !M » 1/8 IN. 
S T E E L UNCLE 

E L E M E N T A 
( INCHES) 

B 
f INCHES) 

R E F L E C T O R 26 1/2 27 

DRIVEN 2 0 21 

DIRECTORS IS 1? 

as indicated by a null of the bridge. 
Record the tuner dial settings for use 
when changing bands. Repeat the 
procedures for each band. 

construction 

My original 4-element beam was in use 
for three years. The experience gained 
over this period has resulted in simpler 
construction of the beam described here. 

Except for a few pieces of scrap Plexiglas, 
all materials can be found in the Sears 
mail-order catalogue. Simple hand tools 
are required, and some welding is neces-
sary. The advantage of welded construc-
tion has been proven with my original 
large beam. No failures have occurred in 
three years of storms howling in from the 
Pacif ic Ocean. 

The 27-foot boom is constructed from 
three 10-foot lengths of 1%-inch thin-wall 
steel conduit (fig. 2). The center section 
is 10 feet long. Cut off the two end 
sections with a hacksaw or tubing cutter 
at 8 feet 6 inches and 8 feet 7 inches 
respectively. Weld a 6-inch length of 
1-inch pipe to each end of the center 
section to serve as a joint. Assemble the 
sections using 3/8-inch stainless-steel 
bolts. 

The four spiders are constructed as 
shown in fig. 3. Clamp the two "A" legs 
to a piece of scrap wood before welding: 
make sure the angles are correct. Then 
clamp the "B" leg to the assembly and 
weld. Next, weld the spiders to the boom. 
The " V " joint of the spider sets on top of 
the boom (section B-B, fig. 2). Three 
different spider lengths, fig. 3, are used to 
save material and weight. 

Weld a 12-inch length of 1%-inch 
conduit to the center boom section to 
support the beam on the rotor. Don't 
increase the length of this center section 
as a means of increasing the beam height 
above ground. The 12-inch long rotor 
section is strong enough to withstand 
high winds with ice. It can be made 
longer for attachment to a rotor located 
down in the tower, providing an upper 
bearing is located within 6 inches of the 
boom. 

Cut three one-inch-long pieces from a 
'/2-inch bolt, and weld them to the top 
and sides of the boom to support the 
outriggers as shown in fig. 2. Cut three 
pieces 31 inches long from a 10-foot 
length of Yz-inch thin-wall conduit for 
outriggers. Squeeze the end of the out-
rigger together in a vise and drill a Vi-inch 
hole through the flat section. The 
3/8-inch outrigger rope will be threaded 
through these holes when the beam is 
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assembled. Cut the eyes off of six 
5/16-inch eyebolts, and weld the eyes to 
the boom as shown in fig. 2. The out-
rigger ropes will be fastened to these eyes. 
After welding and drilling are completed 
on the boom and outriggers, they should 
be hot-dip galvanized. Galvanizing is 
nominal in cost. The entire job won't cost 
more than four or five dollars, and 
galvanized parts will last for many years. 

All that remains to be made now are 
the antenna-to-feedline connector plate, 
fig. 4, and the Plexiglass insulators and 
spreaders, as shown in fig. 1. Cut a notch 
in each end of the spreader to fit over the 

125 a COAX 

fig. 4. Antenna-to-feedline connector plate. 

antenna wire, and drill a hole in each end 
for wiring the spreader to the antenna. 

Automobile hose clamps are used to 
fasten the fiberglass arms to the spiders. 
Twenty-four clamps are required. Solid 
braid polyethylene rope is used for the 
outriggers. It won't stretch, so no turn-
buckles are required. Polyethylene rope is 
used extensively for boats and can be 
obtained from the Sears mail order cata-
logue. Three pieces, each 23 feet 6 inches 
long by 3/8-inch diameter are required. 
After cutting, fuse the end over a gas 
flame. 

Thirteen-foot-long fiberglass arms are 
used for wire spreaders. Twelve are re-
quired. Obtain the most rigid arms you 
can find. They should be at least 1/2-inch 
diameter at the small end and 1-3/8-inch 
diameter at the large end. The arms I used 
are marketed by Kirk Electronics and 
manufactured by U. S. Fiberglass. 

assembly 
After the boom and outriggers are 

galvanized, assemble the boom section on 
the ground. Clean any excess zinc from 
mating sections and bolt holes. 

If you have a tilting tower, as I do, 
assembly is very straightforward. As-
semble the fiberglass arms to the two 
center section spiders. With one set of 
arms resting flat on the ground, string the 
antenna wires and make the solder joints. 
Tilt the tower down and attach the boom 
to the rotor. Raise the center section out 
of the way. Assemble the fiberglass arms 
to the two end section spiders, with the 
arms flat on the ground and the boom 
section joint pointing upward. String the 
wires on the end element supports. Tilt 
the tower down, and bolt an end section 
to the center section. Tie the three 
outrigger ropes to the boom eyes. The 
length of outrigger rope given allows a 
foot at each end for tying to the eyes. 

Raise the antenna, rotate the boom 
180°, and tilt the tower down again. 
Thread the outrigger ropes through the 
outriggers and insert the outrigger tubes 
over the 1/2-inch-diameter retainers. Raise 
the tower so the second end section can 
be attached to the boom. Tie the out-
rigger ropes to the second set of eyes. The 
side outrigger ropes need only be snugly 
tight with the boom straight. The top 
outrigger may have to be readjusted after 
the tower has been raised to ascertain if 
the boom is level. 

If you have a rigid or crank-up tower, 
you're on your own for an assembly 
method. 

If you'd like to start building a less 
complex antenna than this beam, try only 
the driven frame. Feed it in the same 
manner as described above. It will func-
tion as an excellent four band antenna. 

I'll be glad to help serious builders 
with further technical information. 

references 
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Beams," 73, May, 1968. 
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80 meters 

vertical 

beam antenna 
Just "getting Out" on 80 meters calls for 
nothing too elaborate in the way of 
antennas. But to really get out, to the 
tune of working a world-wide DX as a 
matter of course, calls for something a bit 
special. The antenna described here is the 
result of a fair amount of experimenta-
tion and construction on the part of Bill 
Shearman, VE1AX, whose DX countries 
total on 80-meter ssb is well over the 
magical 100 mark. 

To say it's a two-element beam con-
jures up ghastly thoughts of huge towers 
and monstrous drooping elements, but 
this beam is vertical, which makes all the 
difference in the world. For one thing, 
it's unobtrusive. It sits right in the middle 
of a subdivision and is not particularly 
noticeable. Being a quarter-wave vertical, 
the elements are only about 60 feet high. 
Although this may seem a lot, by using 
small-diameter masts the problems of 
height and weight become quite reason-
able. 

elements 
The antenna at VE1AX consists of 

two identical 48-foot aluminum masts 
topped wi th a 12-foot fiberglass whip of 
the type used for marine transmitters. 
Any suitable combination of aluminum 
or steel tubing, tv masts, etc. could be 
used; but both verticals must be identical. 
The masts must be insulated from 
ground, which Bill did by using com-
mercially built tr ipod mounts. But here 
again, traditional ham ingenuity should 
come to the rescue wi th such alternates as 
wooden posts, power line standoff in-
sulators, or even Coke bottles, as I 
remember seeing in another article. 

broadbanding 
To make the antenna broadband, a 

three-wire cage encloses each mast. Fig. 1 
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and the photo show that these wires 
extend out from the mast about eight 
feet, and are connected to the mast at a 
point about fifteen feet f rom the top. 
(The exact point isn't critical.) Then they 
extend downward to the base of the 
mast. The upper arms of the cage connect 
to strain insulators, which are connected 
to the guys. The lower ends of the wires 

One of the vertical beam elements. Loops 
near insulators are bridge wires 
connecting horizontal and vertical cage 
wires. 

are also connected to strain insulators, 
which are in turn tied to the base 
mounting. This arrangement keeps the 
cage neat and taut. A l l the cage wires are 
connected electrically to the base of the 
vertical element and fed in parallel wi th 
it. 

A small loading coil is connected in 
series with the coaxial cable feeding the 
base of each vertical, and a movable tap is 
used to adjust the element for optimum 
performance. 

ground system 

Like all vertical antennas, the secret of 
this one is the ground system. The old 
axiom of, " the more, the better," 
couldn't be more true. Bill's philosophy is 
to lay out every bi t of spare wire he can 
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get his hands on, and the ground under 
and around the array is a maze of 
everything from hookup wire to braided 
ground strapping. A t this writing, well 
over 1000 feet of radials have been laid 
out, but there will likely be more by the 
time you read this! Each little bit helps 
put the signal where it will do the most 
good - low down, and a long way out. 

fig. 1. General construct ion of the array. 
Load ing coils are made from commerc ia l coil 
stock or home wound, approximately 35 turns, 
2Vt inches in diameter, close-spaced. 

has found this feature to be very valuable 
and quite disconcerting to those on the 
other end of the contact. 

tuning 

Tune-up of the array was checked with 
some General Radio test equipment, but 
for those with more meager means 
(almost all of us), each element can be 
tuned separately by using an swr bridge 
and adjusting the tap on the loading coil 
for min imum swr. This should be very 
close to 1:1 at the chosen operating 
frequency. The loading coils are mounted 
in small water-tight metal or plastic con-
tainers at the base of the elements. 

results 

Results have been excellent as might 
be expected. Front-to-back ratio is suffi-
cient to knock clown most of the W and 
V E interference. This, with the forward 
gain, gives a very significant boost to D X 
signals. While gain measurements are 
always tricky, it appears that gain in the 
order of 3 to 5 dB is reasonable, while 
actual on-the-air reports (compared with 
a well-tuned dipole) have been so good as 
to be considered a bit far-fetched. How-
ever, signals received with excellent 
strength on the other side of the world 
from V E 1 can attest to the performance 
of the array. 

orientation and feed 

The two verticals are mounted in line 
with the direction most wanted. In other 
words, to work European stations from 
the East coast, the elements should be 
mounted in a northeast/southwest line. 

Each element is fed with 52-ohm coax. 
Both pieces are cut to exactly the same 
length. However, a third piece, an elec-
trical quarter-wave-length long, is inserted 
in series with one vertical, thus making it 
act as a reflector. This produces a signifi-
cant gain in the forward direction and a 
very considerable front-to-back ratio. By 
using a relay or coax switch, this extra 
piece of coax can be switched from one 
vertical to the other, therefore instantly 
reversing the directivity of the array. Bill 

ham radio 

Final check by V E 1 R K (left) and 
V E 1 A X . Test equipment is G R 1606-A 
rf bridge with 1212-A null detector and 
a 1330-A bridge oscillator. 
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In my article on the construction of 
diversity antennas,1 I stressed the impor-
tance of using the proper antenna tuner. 
My antennas, because of their inherent 
low reactance, will work with almost any 
tuner. But to obtain maximum power 
transfer, and hence maximum efficiency, 
you should use what I'll call a "compati-
ble" tuner. 

A compatible tuner will transfer power 
from source to load regardless of load 
reactance. Conversely, an "incompatible" 
tuner, although it will transfer power, is 
inefficient because it doesn't account for 
reactance. 

Both tuner types are discussed in this 
article. Data is presented to show you 
how to build a compatible antenna 
tuner—the most efficient deivce for trans-
forming power from transmitter to load. 

an example 

Suppose you wish to transfer power 
from a 52-ohm coaxial cable to a bal-
anced load (fig. 1). The load might have 
inductive and capacitive reactances that 
exceed the resistive component (fig. 1B). 
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A whip antenna, for example, could have The important thing to remember is 
a resistive component of, say, 0.5 ohm that if the ratio of reactance to resis-
(fig. 2). Its reactance could be 360 ohms tance is high in the tuner, the compen-

l/IO TO 
>25000 OHMS 
BALANCED 

fig. 1. T h e tuner problem. Load at A is resistive; a tuner working into it wil l transfer power wi th 
m i n i m u m toss. A tuner working into loads in B must compensate for reactances. 

capacitive. To obtain maximum power 
transfer, you'd need a reactance of oppo-
site sign and equal magnitude. In this 
example a huge coil would be required, 
whose skin resistance might be 9.5 ohms. 
This would result in a 10 ohm series 
circuit consisting of 0.5 ohm radiation 
resistance (across which useful power is 
dissipated) plus 9.5 ohms (across which 
power is wasted). The circuit 's efficiency 
would be only 5 percent. 

If a second whip antenna is added, as 
in fig. 2C, the capacitive reactance is 

sating element may have to be physically 
large wi th consequent losses. 

power factor 
A defini t ion of power factor is the 

ratio of active (or true) power to re-
active (apparent) power. It's generally 
expressed in percent. Your power com-
pany spends a lot of money in its 
genera t ing equipment to overcome 
power-factor losses. A corollary in ama-
teur work would be an antenna tuner that 
delivers only a fraction of the available 

fig. 2 . Reactance com-
p e n s a t i o n . Antennas 
must be resonant to ac-
cept power . This is 
shown in B, w i t h 9 5 % 
power loss in the coil . 
Antennas in C can pro-
vide 3 t imes as much 
radiated power . 
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reduced to about one-half, and on/y 2.5 
ohms of skin loss occurs in the compen-
sating inductance. Three times as much 
power is then available for radiation. This 
idea might be extended to four balanced 
whips w i th interesting results. 

power to the load. For example, 1 once 
had a tuner that delivered only ten 
percent of its input power to the load on 
some bands. This is a 90-percent loss, or 
10 dB into and out of the tuner. 

If the voltage peak doesn't agree wi th 
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the current peak in your tuning appara-
tus, a correction is needed. This is usually 
accomplished by tuning. If the tuner 
doesn't compensate properly for reac-
tance, you've got problems. 

incompatible tuners 
Perhaps you're using one of the tuners 

shown in the examples of fig. 3. It may 
work beautifully into a dummy load, but 
its efficiency will suffer from power-
factor loss when working into a reactive 
load. 

Consider the load resistance shown in 
fig. 1A. This is a purely resistive load; 
voltage and current are in phase, and 
most of the power is dissipated as useful 
energy. The loads shown in fig. IB 
contain reactance. Unlike the power com-
pany, you don't have a reserve source of 
power to pump into the load—your gen-
erator, which is your final amplifier, is 
probably working at full output. 

To compensate for the reactance, your 
final will have to supply, say, 100 volts at 
zero current; the resistive portion of the 
load will accept 100 volts at 1 ampere. 
The 100 volts at zero current is so-called 
"wattless power." Why accept a 3-dB 
reduction in your transmitted signal or 
the same loss of received signal power? 
The compatible tuner is the answer. 

compatible tuners 
Don't be misled by a standing-wave 

ratio of 1. This doesn't prove you don't 
have a power-factor problem. An incom-
patible tuner can produce an swr of unity 
just about as well as a compatible tuner, 
regardless of load reactance. Neither 
tuner will tune differently, but a compati-
ble tuner will deliver full power to its 
load (fig. 4). 

tapped constants 
You can always tap down on tuner 

coils and capacitors. If the tuner feeds a 
resistive load, it will transfer power with 

SO OHM 
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fig. 4. "Compatible" tuners. Either will handle 
the load reactance. Note that feeders in B are 
connected directly to the capacitor. 

SO OHM 
COAX 

SHft-I I 

% -A 

m 

- t 

LOAD —O 

fig. 3. " Incompatible" tuners. Regardless of 
unity swr, load reactances can cause 
power-factor loss that wastes energy. 

minimum loss. If, however, you tap 
across the tuner with a capacitor, power 
will circulate in the capacitor and will be 
returned to the load sheer waste. The 
same reasoning applies to a tapped induc-
tance. In general, there's an even chance 
that only 3 dB, or half your available 
power, will be delivered to the load if 
your tuner has the configuration of those 
in fig. 3A or 3B. 

In the compatible tuner, you always 
load across the lumped inductive and 
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capacitive reactances. No tapped elements 
are used. A tuner using differential ca-
pacitors, as in fig. 3A is electrically 
equivalent to tapping down on the induc-
tance {fig. 3B). 

series solution 
If line reactance and resistance are in 

series with a compatible tuner, all reac-
tances cancel, and the system will be 
resonant. The series solution works fine if 
the tuner sees a balanced load of under 
500 ohms. If the load is much higher, 
your coils will be so large you may want 

bands. If you're using a compatible tuner, 
lamp brilliance won't change much from 
band-to-band. 

Now connect the same lamp load as 
shown in fig. 5B. Excite the load, starting 
at the lowest-wavelength band, then pro-
gress through the shortest-wavelength 
band. If you're using an incompatible 
tuner, you'll find that the bulb won't 
light well on most bands. 

In my next article, I'll show how to 
build a simple homemade tuner that can 
be used as an outboard device to compen-
sate for reactance in an incompatible 

MIS MATCHED LINE 
NOT LESS THAN 
JO ft£T LONG 

SO OHM COAX MM.naa.VO £ SO CUM CCHX MULTIBANO [J TUNER £ TVNEP [J 
LAMP 

© o 
fig. 5. Test circuits. "Compatible" tuner, A . will show same lamp brilliance on all bands. A n 
"incompatible" tuner, with feed line connected as in B, will not deliver full power to the lamp on 
some bands. 

to change the design. 

parallel solution 
Perhaps your load is higher than 500 

ohms. In this case, you can connect a 
capacitor in parallel with the load imped-
ance (fig. 4B). While this circuit has low 
peak voltage, it has high circulating cur-
rent. A smaller coil will waste power 
because of the current. The changeover at 
500 ohms is a matter of economy, 
physical space, and wavelength. 

practical circuits 
To build a practical compatible tuner, 

measure line resistance and reactance, 
then plot the data. You can determine 
sizes of the constants from a table 
hookup. Then all you have to do is wind 
the coil, cut it and solder. It works right 
the first time. 

proof test 
Disconnect your antenna feeders from 

the tuner. Connect a lamp in place of 
your antenna feeders (fig. 5A). Tune your 
transmitter into the load, then change 

tuner. I'll also discuss feedpoint measure-
ment using the substitution bridge 
methods. 

reference 

1. George Bonadio, W 2 W L R , " Construct ion of 
H i g h - F r e q u e n c y Diversity Antennas ," ham 
radio, October, 1969. p. 28. 
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"Watch your head! Our ham friend is 
putting in a new ground rod." 
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The isotropic antenna is an imaginary 
concept as basic to antenna theory as 
Ohm's law is to circuit theory. Over the 
years, Ohm's law has been expanded into 
many forms of circuit theory that are 
hardly recognizable to those with limited 
experience. But the most complex forms 
can be traced back, step by step, to E=IR. 
The relationship between the isotropic 
antenna and advanced antenna theory is 
similar. Unfortunately, very little has 
been written about the isotropic antenna 
on the basic level for use by radio 
amateurs. Perhaps this article will help 
those who desire a keener insight into 
operation and performance of antennas. 

antennas in free space 
The isotropic antenna is considered as 

a point source of electromagnectic radi-
ation. It is the simplest form an antenna 
can take. In fact, it is so simple no one 
has managed to build one for electro-
magnetic waves, although it has been 
approximated for sound waves. The dif-
ficulty is that a point-source antenna 
must have zero dimensions. Such an 
antenna, of course, is impossible to con-
struct by any known method. But even 
so, this nice bit of fiction can be easily 
approximated for many practical pur-
poses. For example, a 7-MHz antenna 
located 100 km in space will look like a 
point source even though it isn't. The 
errors introduced by the size of the 
antenna are too small to matter at that 
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distance for almost all areas of interest. In 
most calculations, a distance of 100 km 
isn't necessary to make an antenna look 
like a point source of radiation. This 
distance can be just a few wavelengths in 
some instances without introducing in-
tolerable errors. The free-space radiation 
pattern of the isotropic antenna is shown 
in fig. 1. The antenna radiates in all 
directions: east, west, north, south, up 
and down. There is no inherent direc-
tivity, and this is exactly what the name 

OP 

DOWN 

fig. 1. Radiation pattern of the 
isotropic antenna in free space. 

implies: iso meaning everywhere the 
same; tropic meaning no matter how it is 
turned. 

power and voltage measurements 
Antenna engineering involves measure-

ments in addition to those of frequency, 
phase, resistance and resonance. Two of 
these measurements are power density in 
watts per square meter (W/m2) and elec-
trical field strength in volts per meter 
(V/m). Both can be derived by using the 
isotropic antenna for demonstration. 

Imagine that the isotropic antenna is 
located in the center of a spherical 
balloon whose surface is everywhere 1 
meter from the antenna (fig. 2) and that 
the antenna is radiating 1 kW. All of the 
radiated power must pass through the 
surface of the balloon, and it is easy to 
calculate how much power passes through 
each square meter of its surface 
The surface of a sphere is With a 

radius of 1 m, it is 12.57 m 2 . Therefore, 
the power passing through 1 m 2 of surface 
is 1000/12.57, or 79.5 W. If the balloon is 
inflated until the radius is 10 m, the surface 
area will be increased 100 times, the area 
will be 1257 m 2- and the power passing 
through 1 m 2 will be 0.795 W. It can be 
seen that free-space loss in power, in its 
progress from source to oblivion, is due to 
the spreading of the wave. The mathe-
matical relationship isP = 1/D2, whereD is 
the distance from source to point of 
measurement. Thus, the power passing 
through a unit area is inversely propor-
tional to the square of the distance from 
the source. 

In actual antenna-pattern and field-
strength measurements, the instruments 
read out in voltage rather than power. 
The conversion from W/m2 to V/m is 
related by 

e - (377P) 

where 
e is V/m 
Pis W/m 2 

377 is a constant* 

fig. 2. Radiated power passing 
through 1 square meter of spherical 
surface. 

Returning to the spherical balloon ex-
ample, if W/m2 is converted to V/m, the 
field strength at D = 1 km is 0.173 V/m. 
This is usually expressed as 173 mV/m in 
antenna literature. It is the free-space 
field of 1 kW at 1 km from an isotropic 
source. Sometimes referred to as "un-
attenuated free-space field strength," it 
means that nothing is in the path between 
antenna and measuring equipment that 

•The number 377 is the product of 12Cbr 

which is the resistance of free space. Editor. 
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will introduce measurement errors. 

directional characteristics 

Engineers use antenna directional char-
acteristics to maximize radiation at the 
angles of elevation and azimuth required 
for the station's coverage. The principle 
uses vector addition of the radiated fields. 
This principle is well covered by antenna 
texts, so it will not be discussed further. 
But the use of the isotropic antenna in 
lieu of an actual antenna simplifies the 
problem to some degree, and it is helpful 
to look at it in this manner. 

Suppose the isotropic antenna is M> 
wavelength above a perfectly conducting 
and reflecting plane. Measurements of the 
radiated field will show that the spherical 
pattern has been distorted by the reflect-
ing plane; the pattern is depicted in fig. 3. 
Radiation upward is zero, because the 
reflected wave is reversed in phase and 
cancels the downward radiation. Radia-
tion horizontally along the plane is also 
zero, because the reflected wave is re-
versed in phase, and the sum of the direct 
and reflected wave is zero (fig. 3). 

The path length of a wave reflected 30 
degrees above the ground plane is 14 
wavelength longer than that radiated di-
rectly from the isotropic antenna. The 
additional Vi wavelength adds 180 degrees 
of phase change. This, plus the 180-
degree phase reversal due to reflection, 
brings the two waves back in phase, and 
they add. The sum is twice the value of 
either direct or reflected wave, resulting 
in 6-dB gain. If the wave from the 
isotropic antenna is horizontally polar-
ized, then its pattern cross section is 
similar to that of a dipole located Vz 
wavelength above a perfectly conducting 
plane. 

the dipole 

The directive property of the dipole is 
caused by wave cancellation and addition 
similar to that of the isotropic antenna 
above a perfectly conducting plane. Sup-
pose the dipole consists of two isotropic 
antennas spaced Vt wavelength apart. At a 
distant point on the axis line, the radia-

tion from one would arrive 180 degrees 
out of phase with the other, and would 
cancel the fields. At right angles to the 
axis line between the two isotropic an-
tennas, the fields would arrive at the same 
time, in phase, and would add, thus 
making a lobe of maximum radiation. 
Minimum radiation, of course, would be 
along the axis of the line between the two 
isotropic antennas. 

The field of a dipole is almost exactly 
like this. The difference is caused by 
power distribution along the antenna. If 
the dipole were cut into an infinite 

pattern from an Isotropic antenna Vs 
wavelength above a perfectly reflecting 
plane. 

number of isotropic antennas whose 
power and phase were identical to that of 
the dipole, and the fields of all of these 
isotropic antennas were added, the result 
would be the field pattern of the dipole. 
Thus, the inherent directivity of the 
dipole exhibits a gain 2.1 dB above that 
of the isotropic antenna. The gain is not 6 
dB, because it is generated in a different 
manner than that of the isotropic above 
t h e re f lect ing p lane; it is t h e s u m o f m a n y 

fields of many amplitudes a d phases and 
not the sum of two f;<?!'s of equal 
amplitude and identical phase. However, 
when the dipole is placed horizontally % 
wavelength above a perfectly conducting 
plane, the maximum lobe will be the sum 
of the direct and reflected fields, and the 
gain will be 6 dB. This gain, plus the 
dipoles's 2.1-dB inherent directivity will 
result in 8.1-dB gain above the isotropic 
antenna. This pattern is the familiar 
double-lobe pattern as shown in fig. 4. 

the real world 

A perfectly conducting and reflecting 
ground plane is hardly ever available. The 
average soil has much less than ideal 
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reflecting capabilities. Losses from this 
source distort the neat, geometric pat-
terns shown in the textbooks. 

Another interesting conclusion results 
from the reflection phenomenon. Sup-
pose the antenna is erected over the 
world's worst location-the soil absorbs 
all the radiation, and reflection is zero. 
The field strength of the maximum lobe 
will be one-half the ideal value-a 6 dB 
loss. The minima wil l disappear, and the 
gain at those angles can be 10 to 20 dB, 
which may or may not be useful in 

fig. 4. Radiation pattern of a dipole located V2 
wave above a perfectly reflecting plane; 
horizontal pattern is shown in A , vertical 
pattern in B. 

transmission and reception. 

grounded antennas 
Grounded antennas also respond to the 

isotropic antenna concept. Suppose the 
isotropic antenna is located directly on 
the perfectly reflecting and conducting 
plane. The antenna is so close to the 
reflecting plane that no phase reversal of 
any kind exists. The pattern wi l l be a 
hemisphere, because no radiation wil l exist 
downward through the reflecting plane. 
Assuming 1 kW is still being used, in free 
space 500 W wil l be radiated above the 
equatorial line in fig. 1, and 500 W below. 
When on the ground, 1 kW wil l be radi-
ated upward, and the power gain wi l l be 
3dB. 

Vertical grounded antennas exhibit a 

modified 3-dB gain factor because of 
their finite length. Radiation from the 
bottom tends to generate the isotropic 
pattern, while that from the top tends to 
create maxima and minima, because the 
top is some distance above the reflecting 
plane. Grounded antennas shorter than 
5/8 wavelength exhibit more gain toward 
the horizon than the sum of the 3 dB and 
free-space directivity gain. The extra gain 
comes from increased directivity at low 
vertical angles, because the wave is verti-
cally polarized, and the direct and re-
flected waves add. There is no phase 
change with reflected vertical polariza-
tion. 

Again considering the vertical antenna 
situated over the world's worst ground, 
maximum loss will be 3 dB! It is im-
portant to have the vertical antenna as far 
as possible from nearby structures. 

It is also important to have a low-re-
sistance ground connection. Vertical an-
tennas usually have a feed-point resist-
ance from a few ohms to a few hundred 
ohms. A ground-rod may have a ground 
contact resistance of 200 ohms; a 36-ohm 
antenna connected to such a ground 
would receive only about 1/6 of the 
delivered power—5/6 is used to heat the 
ground rod. 

radiation pattern 
and ground conductivity 

Ground reflection varies wi th different 
soils. The amplitude and phase of the 
reflected wave depend on the angle of 
incidence, soil conductivity, and soil di-
electric constant. The radiation pattern of 
grounded verticals in the high-frequency 
bands may be radically different from 
that anticipated. These verticals can be 
improved by using two or more %-wave-
length ground-plane radials. On vhf bands 
and higher, vertical antennas are many 
wavelengths above ground, so the effects 
of soil conductivity and dielectric con-
stant are minimized.* The maximum 
gain from a vertical antenna several wave-
lengths above a perfectly conducting 

*However, a simulated ground plane, consisting 
of ^-wavelength radials, is essential for vertical 
% wave vhf antennas.Editor. 
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table 1. Directivity power gains of c o m m o n antennas radiating 1 kW. 

antenna 
power gain power gain W m ' at jLiW/m* at m V / m at m V / m at 
(numerical) (dB) 1 km 1 mile 1 mile 1 km 

dipoles, free-space condit ions 

isotropic 1.00 0 79.5 
1/16 wave 1.50 1.76 119 
1/4 wave 1 . 5 4 1.86 122 
1/2 wave 1.64 2.14 130 
5/8 wave 1 . 7 4 2 .39 138 

30.6 
4 6 
4 7 
50.3 
53.5 

107.5 
131.5 

133 
138 
142 

173 
212 
214 
222 
228 

monopoles, grounded, perfectly reflecting ground, vertical polarization 
isotropic 2 .00 3.00 159 61.2 
1/16 wave 3.00 4 .76 239 92 
1/4 wave 3.30 5.18 262 1 0 1 

1/2 wave 4.84 6.84 385 1 4 8 

5/8 wave 6.53 8 .14 518 201 

152 
186 
195 
236 
275 

244 
300 
314 
380 
4 4 2 

dipoles, V2 wave above perfectly reflecting ground, horizontal polarization 
isotropic 4 .00 6.00 318 122 
1/16 wave 6.00 7.76 4 7 7 184 
1/4 wave 6.12 7.86 4 8 7 188 
1/2 wave 6.53 8.14 5 2 0 201 
5/8 wave 6.92 8 .39 552 213 

215 
2 6 3 
267 
276 
2 8 3 

346 
4 2 4 
4 2 9 
4 4 3 
456 

ground is more than 6 dB. Gains for several 
antennas, modified by the ground plane, 
are given in table 1. 

physically small antennas 
An interesing feature about antennas is 

that a small antenna can radiate a large 
amount of power, but physical limita-
tions prevent this from being done ef-
ficiently. One limitation is antenna con-
ductor resistance. As the antenna is 
shortened, radiation resistance decreases 
to a point where most of the power is 
dissipated in heat rather than radiation. 
Some large vlf antennas, for example, 
radiate only about 5 percent of the power 
delivered to them. On the hf bands 
efficient operation, say in excess of 50 
percent, is possible by using a dipole that's 
small compared to a wavelength. The 
practical limit is in the vicinity of 1/16 
wavelength. The radiation resistance will 
probably be between 0.5 and 1.0 ohm. 
With care, a 160-meter dipole can be 
constructed that is as small physically as a 
20-meter dipole. A small, center-fed 
dipole is much more effective on the 2-
and 3-MHz bands than a short, grounded 
vertical without a low-resistance ground. 

avoiding losses 
Poor antenna performance is caused by 

pattern formation disturbed by improper 
construction, improper feeding, or distor-
tion from nearby objects. Poor ground 
connections in vertical antennas don't 
apply to horizontal dipoles. The dif-
ficulty with the latter is due to losses at 
the element ends, which carry high volt-
age. The best way to avoid these losses is 
to use plastic guys or insulators with low 
leakage paths. The antenna should be 
carefully tuned and matched to its trans-
mission line. 

conclusions 
The isotropic antenna concept clearly 

shows why any practical antenna's field is 
highest near the antenna. For best results, 
the antenna should be as clear as possible 
from obstructions, and ohmic losses 
should be a small fraction of the anten-
na's radiation resistance. If all resistances 
that dissipate power uselessly are reduced 
to an absolute minimum, the amount of 
radiated energy can be increased by in-
creasing antenna radiation resistance. 

ham radio 
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Have you ever considered putting that 
coax lead-in underground? It has an 
aesthetic influence on the wife and the 
neighbors and if properly installed has 
some advantages over the old aerial in-
stallations. The number one item of 
consideration is advance planning. This is 
absolutely necessary to make sure you 
don't run into gas lines, telephone cables 

Author Ruyle getting ready to 
install an underground cable 
run. 
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or power lines that may be buried in the 
area. 

First draw a sketch of the exact loca-
tion the cable will occupy and use it to 
check city drawings of the area before 
making the trench. Keep the sketch with 
your equipment manuals for future ref-
erence. 

fig. 1. Cable trench. Sand provides 
drainage and discourages rodents. 

choosing cable 

The next step is to choose the proper 
cable. Check manufacturers specifications 
for information on their cable; they will 
tell you which should be buried and 
which should not. The cable may or may 
not be armored. Armored cable should be 
used in areas where gophers and other 
rodents are a problem. However, when 

the trench 

Your next step is to dig the trench. Dig 
it 18 to 24 inches deep and 4 to 12 inches 
wide. If the terrain is rough increase the 
depth to 30 inches or more. Put 2 or 3 
inches of sand in the bottom of the 
trench, (see fig. 2). The cable is placed on 
top of the sand. If you think you might 
need more cable in the future you can 
put a length of plastic conduit in the 
trench to allow for cable pulling at a later 
date. 

Buried cable is subject to lightning just 
as exposed cable is so a shield wire or a 
no. 4 AWG aluminum wire is recom-
mended. Lay the wire beside or above the 
buried cable but not more than one foot 
away. The wire, just as the cable, should 
not be spliced. To be effective the shield 
wire must be connected to the outer shield 
of the coax cable at both ends as shown in 
fig. 2. (If the cable is spliced then the 
ground wire should be connected to the 
splice point as well.) 

Sand is poured into the trench on top 
of the cable and the ground wire to a 
depth of 2 to 3 inches. The sand provides 
proper drainage to keep the cable dry and 
discourages underground rodents from 
chewing on the cable. The sand also 
protects the cable from rocks that may 
work their way up thru the soil. 

Before refilling the trench be sure to 

f i g . 2 . Externa l 
ground wire pro-
tects the coax a-
g a i n s t l i g h t n i n g 
damage. I t shouldn' t 
be more than a foo t 
away f rom the coax. 

RG8A/U COAX 

GROUND WIRE 

SOLDERED TO SHIELD 

GROUND WIRE 

TO 
AN TENNA 

T O ANTENNA 

GROUND OR 

GROUND ROD 

cable is installed as shown in fig. 1 
armored cable is not a necessity. Make 
sure you have enough cable to install it 
without a splice. (Splicing can be done, 
but great care must be taken to keep the 
moisture out.) 

check the coax for damage by attaching a 
dummy load to the end and running swr 
checks at spol points on each of the 
amateur bands. With a high-quality 
dummy load the swr should be 1:1. 

ham radio 
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The instrument described in this article is 
designed to replace the various sizes and 
shapes of the black box known as the 
"swr bridge." The instrument, which I 
call an integrated swr bridge and power 
meter, performs all the functions of the 
usual swr bridge plus a few more-yet it 
occupies only about two cubic inches. 
Components wil l f i t nicely in the space 
next to the rf output connector in most 
equipment. With the integrated swr 
bridge and power meter installed in your 
transmitter or transceiver, you can dis 
pose of your regular swr bridge and use 
the parts for other projects. 

The instrument is in the line at all 
times. I t consumes only a few micro 
watts and doesn't disturb the circuit in 
which it's connected. In addition to 
measuring swr, the bridge measures peak 
power, monitors voice peaks, and indi-
cates normal voice-power output. With a 
noninductive dummy load, you can check 
transmitter neutralization under full 
power. 

The schematic is shown in fig. 1. The 
indicator can be your S-meter or plate-
current meter. The meter sensitivity can 
be between 1 mA and 25 mA. A fixed 
resistor for R4, or a variable resistor 
controlled from the front panel, can be 
used to set peak meter reading to any 
desired value. 

circuit development 

This circuit may be well-known to 
some readers, but I don't recall seeing it 
in this application. A schematic of a 
50-MHz, 40-watt cw transistor trans-
mitter in the RCA Transistor Manual1 

uses a vswr bridge to back- bias a driver 
stage for excitation control to the final 
amplifier. When the vswr is high, drive 
decreases to maintain the final amplifier 
transistor wi th in ratings. 

The RCA diagram, reproduced in fig. 
2, suggests the possibility of adding 
another coil on the toroid. Thus the 
circuit could be used to indicate forward 
and reflected power wi th reasonable 
accuracy. 
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construction 

Toroid cores of one-half inch I .D. were 
used; a possible source is Amidon Asso-
ciates.* The windings are made by twist-
ing two lengths of No. 26 enamelled wire 
about 12 inches long. Wind the twisted 
pair to occupy ten turns around the core, 
then apply a coat of coil dope. Untwist 
about two inches from the ends, remove 
the insulation, identify each end with an 
ohmmeter, then connect the two windings 
in series (see fig. 3). 

Unsolder the transmitter rf lead from 
the chassis connector and slip the toroid 
coil over the lead. Shim the toroid around 
the lead so that the coil can't possibly 
touch the rf lead. (I used a '/2-inch fength 
of polyethylene cut from RG-58/U coax 
and slipped it onto the rf lead; this 
provided a snug f i t for the toroid.) 
Resolder the rf lead to the chassis con-
nector. The lead from capacitor C1 (fig. 1) 
should be connected to the rf line within Vi 
inch of the toroid. 

Cut a piece of phenolic board about 1 
x 2 inches. A guide for laying out the 
parts is shown in fig. 4. If you'd like to go 

* Amidon Associates, 12033 Otsego Street, No. 
Hollywood, California 91607. Part no. T-80-2; 
price 60c each ptus 25c handling; minimum 
order $1.00. 

[roSMUMOl 
NOKMAl 

METER LEADS 

SEE TEXT 

fig. 1. Schemat ic of the integrated swr bridge 
and power meter. Capac i tor C I is a 1.5-8 p F 
t r immer (Erie 539); S1 is a Ma l lory 2 2 F 1 3 4 
wafer switch. C o m p o n e n t s o c c u p y only two 
cubic inches. 

the modern route, etch the circuit as 
shown. Mount the parts as suggested in 
fig. 4. Bend the leads on the back side to 
join with other leads that are twisted 
together, cut off excess, and solder. Be 
sure to form solder connections close to 
the board, so that bushings about % inch 
long will hold the board away from the 
mounting surface to avoid short circuits. 

Attach three wires, preferably a 3-con-
ductor shielded cable, to the board out-
put. Route the cable to the meter and 
dress the cable to avoid the amplifier's rf 
field. Ground the cable shield at both 
ends. 

The switch selects either forward or 
reflected power, or the circuit normally 
connected to the meter (marked A and B, 
fig. 1). If you don't wish to mount the 
switch on the panel of your equipment, 
the switch can be remotely located. 

FINAL PI 
NETWORK '"T^ 

m 

-O TO 50-OHM 
LOAD 

TO REVERSE-BIASED 
TRANSISTOR BASE 

fig. 2. C i rcui t in the R C A Transistor Manual 

f rom which the design was developed. 

adjustment and calibration 

When wiring is complete and checked, 
connect a dummy load to the transmitter. 
Adjust R4 and/or the carrier power to 
give a full-scale meter reading in the 
FORWARD position. Position the switch 
to REFLECTED. The reading should be 
noticeably lower. 

When making adjustments, remember 
that high voltages are present in the 
vicinity of the circuit board. Keep clear 
of high voltage circuits and use an 
insulated tuning wand for all adjustments. 

Adjust C1 for a minimum meter read-
ing, which should be very close to zero. 
Check the adjustment of C I on all bands. 
Capacitor C1 tunes out the reactance of 
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the toroid coil. If the dummy load is 
nonreactive on all bands, C1 shouldn't 
have to be changed with band switching. 

Remove the dummy load and connect 
the antenna. Adjust the transmitter for 
full power, adjusting R4 as you tune to 
give a full-scale reading on the meter with 
the switch in the FORWARD position. 
Now switch to REFLECTED. The meter 
should read 1/10 full scale or less at the 
antenna resonant frequency if the an-
tenna is matched to 50 ohms. 

A rough indication of swr may be had 
by calibrating the meter (scale 0-100) as 
follows: 50 - 3:1, 25 - 1.5:1, 12.5 = 
0.75:1, 6.25 = 0.37:1, and 3.1 = 0.19:1. 

fig. 3. Method of series connection for T1 
windings. Only two turns are shown for clarity. 

If you adjusted C1 using a 50-ohm 
dummy load, then changed to a 75-ohm 
transmission line, C1 should be readjusted 
for minimum meter reading using a 75-
ohm dummy load. 

peak-power measurement 
As I mentioned at the beginning of this 

article, this instrument serves admirably 
as a peak-power measuring device. All 
that's required for this use is to choose a 
value for R4 for your particular trans-
mitter input power (table 1). If your 
transmitter is rated at 180 watts input, 
for example, the value shown for an input 
of 200 watts would be adequate for R4. 
The output power will be some fraction 
of full-scale meter indication, of course. 

If you decide to use a switch with 
another set of contacts, a fixed resistor 
could be used for R4 to indicate power 
output, and a variable resistor could be 

table 1. Values of resistor R4 for different 
transmitter powers and meter sensitivities. 

transmitter meter movement 
input power 1 mA 500 MA 

(watts) 

100 7500 15k 
200 15k 27k 
300 18k 33k 
500 22k 47k 
600 27k 56k 

1000 47k 91k 

used to allow full-scale meter indication 
of swr with reduced power. 

conclusion 

I've found this circuit indispensable for 
checking the resonance of my mobile 
whip antenna. With the switch in the 
REFLECTED position, I can adjust the 
whip antenna length for a minimum 
meter indication at the desired frequency. 

Perhaps some of the more enterprising 
manufacturers of transmitters and trans-

f i g . 4 . Suggested T0R0ID LEADS 

SWITCH LEADS 

ceivers wil l incorporate this instrument in 
future models. The small cost should 
make it worthwhile. 

references 

1. " R C A Transistor Manual," Radio Corpora-
tion of America, Electronic Components and 
Devices, Harrison, New Jersey, January, 1967 
edition, pp. 504-505. 
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some reflections 
for 

reflected power 

Transmission-line 

standing-wave ratio 

seems to be a topic 

for much debate — 

here are some 

interesting views 

on the subject 

A UA9 I worked recently said he was 
using a Zepp antenna. It occurred to me 
that at least one generation has passed 
since the Zepp was, by far, the most 
popular ham antenna (see fig. 1). We 
didn't realize it then, but the Zepp's 
standing wave ratio probably ran as high 
as 30:1. However, history shows that the 
Zepp put out a good signal. Thus, it 
would seem that the Zepp didn't really 
have the side effects we hear attributed to 
high swr nowadays: high plate dissipa-
tion, radiation loss and all the rest. 

I don' t suggest we dismantle our 
beams and go back to Zepps. Rather, I 
propose to show that transmission-line 

< theory, properly understood, is free of 
the contradictions that seem to arise 

^ when discussing swr, reflected power, line 
•• losses and other phenomena associated 

8 with antennas and feed systems. 
In. V 
= transmission-line length 
^ The relationship between electrical 
•f and physical length is significant when 
±! discussing transmission-line character-
§ istics. For example, the RG-8/U coax for 
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my 14-MHz antenna, is about 94 feet 
long. Its velocity factor is 2/3, which 
means the velocity of the signal traveling 
on the line is 2/3 of what it would be in 
free space. The line's electrical length is 
94 x 3/2, or about 140 feet (two wave-
lengths). A signal requires 14.25 x 10"8 

second or 1/7 microsecond to travel the 
line's length (fig. 2). 

Let's look at it another way. Suppose 
the letter H is sent at 12 wpm. In the 
time required to make just one dot, an 
electrical signal would make 3.5 x 105 

round trips on the line. In this sense, the 
line is extremely short. 

The transition of a conductor from a 
simple connecting wire to part of a 
transmission line is said to occur when 
circuit length exceeds 0.1 wavelength. 
Therefore most antenna transmission 
lines are electrically long and must be 
analyzed in terms of transmission-line 
theory. 

In the first part of the discussion the 
line is assumed to have zero loss. Lossy 
lines are considered later from a practical 
viewpoint. 

line reflections 
The characteristic impedance, Z D , of a 

transmission line is the impedance which, 
at the line's termination, will absorb all 
the energy in the line. This is never 
realized in practice, because it's impos-
sible to construct a line with constant 
impedance along its length. 

What happens if the load impedance 
doesn't equal line impedance and some 
energy is reflected? 

133- FOOT FLAT TUP 

AS FEET OF 600-OHM 
OPEN-WIRE FEEDERS 

INDUCTIVE COUPLING TO 
TRANSMITTER TANK 

It's unlikely that the source and line 
impedances will be exactly equal. Thus, 
any energy reflected from the load will 
travel down the line to the source to be 
reflected again toward the load. This 
repeats until the wave's amplitude be-
comes too small to be of interest. 

The waves moving from source to load 
and from load to source are called the 
incident and reflected component, respec-
tively. If the sum of any two waves is 
measured at any point on the line, the 
result would be a single standing wave. 
Thus, no matter how many individual 
waves are in the forward or reflected 
component, a standing-wave measure-
ment will describe what's happening on 
the line at the point of measurement. 

-1/7 MICROSECOND TRAVEL TIME-

• e a WNG ELECTRICALLY AT 14 MHi -

-ELECTRICAL LENGTH 140 FEET 

- PHYSICAL LENGTH 94 FEET 

RG-8/U COAX 

fig. 1. The classic Zepp. A very popular antenna 
years ago despite a standing wave ratio that 
sometimes was quite high. 

fig. 2. Relationship between signal travel 
time and line length for a typical coax 
line. 

standing wave ratio 

Various instruments have been devised 
to sense the waves traveling from source 
to load and vice versa. The indicators 
(meters) on such instruments are cali-
brated for forward and reflected power. 
While these meters indicate in watts, we 
shouldn't regard the readings as we would 
usually use the word "watt." The only 
real power is the difference between 
forward and reflected indications on 
these instruments. 

If a standing-wave pattern is made for 
voltage and some reflected power exists, 
the voltages will combine in phase at a 
voltage maximum and be out of phase at 
a voltage minimum. The ratio of these 
quantities is the voltage standing wave 
ratio. In a lossless line, the power passing 
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a given point wil l be the same as that 
passing any other point. Therefore, at 
points of voltage maximum, current wil l 
be minimum, and vice versa. It therefore 

The fallacious conclusion is that such a 
condition leads to a reduction in radiated 
power and possibly an increase in plate 
dissipation of the amplifier tubes. Viewed 
in proper perspective, this is insignificant 
in practical applications. 

1 
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fig. 3. Nomograph for f inding swr for various 
values of forward and reflected power. 

lossy lines 
Let's now use reflection loss in its 

proper sense. Consider a very lossy line 
with ZQ = 50 ohms and a loss of 20 dB 
overall. If 60 volts are applied to the 
input, 1.2 amperes wil l f low. Thus 72 
watts enter the line. At the load end the 
power wil l be down 20 dB, or down to 
0.72 watt. If the load is, say, 100 ohms 
and reflected power is 1/9 forward 
power, the reflected power wil l be 0.08 
watt, and only 0.64 watt wil l be absorbed 
by the load. The 0.08 watt wil l return to 
the source, suffering another 20-dB loss, 
arriving at the source at 0.0008 watt. This 
tiny amount of power wil l hardly affect 
conditions at the sending end. 

follows that current and voltage swr can 
be used interchangeably. 

Forward power, reflected power, and 
swr are related by 

VPref 
Pfwd 

swr = . C) 
_ / E S T 

1 - \ Pfwd 

common misconceptions 

Up to this point the transmission line 
has been assumed lossless. This isn't true 
in practice although it's closely approxi-
mated in modern coax cable and open-
wire lines operating below vhf. 

Occasionally someone writes an article 
based on the graph shown in fig. 4, which 
was adapted from reference 1. The rea-
soning runs this way: if the terminating 
impedance is 100 ohms on a 50-ohm line, 
then the ratio of reflected-to-forward 
power is 1/9. So only 8/9 of the power is 
absorbed by the load, which means a 
reflection loss of 10 log10 9/8 = 0.5 dB. 

STANDING WAVE RATIO 

fig. 4 . Ref lect ion loss on a trans-

mission line with increasing swr. 

This is the justification for saying that 
the line looked like 50 ohms even though 
its termination was not 50 ohms. The 
significance is that the line loss is great; 
not that reflection loss exists. 

Generalizing, we can say this about 
lossy lines: 

1. The swr at sending and receiving 
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ends is different; the load end always 
exhibits the higher swr. 
2. Power into the line equals the sum 
of line losses and power delivered to 
the load. 

3. Reflection loss is only meaningful 
when line losses are so large that load 
changes don't modify the line's input 
impedance and thus cause a change in 
power into the line. 
4. The lost power is not distributed 
evenly over the line, but is much 
greater nearest the source. 

approximate line loss 
All lines have some loss. This is be-

cause standing waves of current stress the 
line at certain points. A rough guide of 
line loss as a function of swr is shown in 
fig. 5. An approximation of the loss can 
be made by shorting the line at the 
antenna, obtaining an swr reading and 
plugging it into the following equation: 

wave ratio. Sixty watts would be a 
reasonable output for 100 watts input, 
leaving 40 watts for plate dissipation and 
tank-circuit losses. The forward power 
would, however, be 480 watts, and the 
reflected power would be 420 watts. 
(Check the numbers in Eq. 1 if you doubt 
it!)* 

If there is no harm in high reflected 
power as far as power delivered to the 
antenna is concerned, then why atl the 
fuss about high swr? We'll explore this 
and other fascinating topics next. 

transmitter specifications 
Quoting from published data on two 

popular transmitters. 

2 06uH 

fig. 6. Typical pi network values for 14 MHz. 

Line loss in dB = log10 
swr + 1 
swr - 1 (2) 

2 3 4 

STANDING WAVE RATIO 

fig. S. Transmission line 
loss with increasing swr. 

the Zepp again 
Let's return for a moment to the good 

old days. Imagine a pair of 210's feeding 
a Zepp antenna that has a 30:1 standing 

Collins 32S3: "Rf output impedance 
50 ohms with not 
more than 2/1 swr." 

B&W6100: "Output impedence — will 
match 30-100 ohm resistive 
load." 

These statements require some inter-
pretation, since what is referred to in 
both cases is the load impedance, not the 
output impedance, which is what one 
would measure looking back into the 
transmitter output terminals. Also it's not 
a matter of matching (equalling or dupli-
cating) anything; it's a matter of what 
impedance is appropriate as a load. As for 
the Collins, the statement could perhaps 
mean that as long as the resistive compo-
nent was 50 ohms you could have up to 
2/1 swr. What it undoubtedly does mean 

'The forward and reflected power could also be 
48 and 42 watts, or 4800 and 4200 watts 
respectively. Knowing the old 210 triode, 48 
and 42 watts would probably be more real-
istic. Editor. 

m a y 1 9 7 0 ^ 4 7 



is that you can cope with any load 
impedance that has less than 2/1 swr on a 
50-ohm basis. As for the B&W, it appears 
that no reactance whatever is permissible, 
even though the swr can be about two or 
so. This suggests that the line must be 
trimmed to exact quarter-wave multiples. 

If a low-pass filter is used, it would be 
difficult to meet the specifications with-
out laboratory facilities. Perhaps these 
statements about loading are not in-
tended to be taken this literally; however, 
the point remains—this is the way they 
are published. 

line sending-end impedances 
When the reflected power is not zero 

(swr is not 1), and the line is of random 
length, the reflected voltages and currents 
may have any phase relationship when 
they combine with the forward voltages 
and currents at the sending end. Thus, the 
impedances at the transmitter end of the 
line may vary within certain limits, de-
pending upon line electrical length. Table 
1 lists some of these possibilities, all on a 
50-ohm basis. 

Table 1 shows that if you have a line 
with a known swr and put an rf bridge at 
the sending end, the impedance will fall 
in the corresponding column. The anten-
na's terminal impedance will also appear 
in the column. Note that the swr = 1 
column has only one entry, while entries 
in the other columns are theoretically 
limitless. However, no impedance in any 
one column appears in any other. 

So if you have a line with an swr 
greater than one, you can lengthen or 
shorten the line and change its impedance 
at the sending end. But you can never hit 
50 ohms pure resistance, even though the 
resistive component may be 50 ohms plus 

Z4 >jH I 6jjH 

2250 OHMS-
0 - 15 

1 * '
 Y v v ' 1 

^76pF 7 ^243pF • 

some reactance. 
Published transmitter specifications 

are undoubtedly intended to encourage 
the operator to keep the swr low so that 
the transmitter is presented with a load 
impedance near 50 ohms. 

output networks 
Most modern transmitters use pi net-

works in the output. A common mis-
conception is that these networks can 
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•m—SUB 2 • 

SWR = 3 -

fig. 8. Typical pi-l_ network 
circuit values for 14 MHz. 

fig. 7. Pi network loading capacitance and Q as 
functions of output loading resistance. 

transform any imaginable impedance to 
that required by the final amplifier plate 
circuit. 

For example, consider a pi network 
designed to be used between parallel 
6146's and a 50-ohm load. These tubes 
should work into a load of about 1920 
ohms at a Q of about 12. The circuit is 
shown in fig. 6. The tank inductance is 
generally fixed, but the two capacitors 
are variable to maintain the proper load 
impedance despite external load changes. 

What happens when the load is 
changed and the capacitors are adjusted 
to maintain correct tube plate impedance 
is shown in fig. 7. In this case, we face an 
impossible task when loads are lower than 
17 ohms or higher than 1800 ohms. Also, 

100 200 3CD BOO BOO 2CC 

* LOAD IOHMS) 
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even when we're well within the range of 
possible impedances, the loading capaci-
tor must be varied widely, which is 
certain to influence harmonic response. 
Circuit Q also changes, and this will affect 
the output waveform, although probably 
not seriously. The only way to avoid this 
is to present the transmitter pi network 
with an impedance close to 50 ohms, i.e., 
a load with an swr close to unity. 

When I was writing this article, Bill 

\ 
\ 

c 

J X V 

10 15 20 30 40 SO 60 00 100 < 5 0 2 0 0 300 
LOAD (OHMS) 

SWR'Z » 

-SMW-3 • 
« SWR* 4 • 

fig. 9. Changes in pi-l_ ne twork 
parameters for various loads. 

mean that the transmitter can operate 
near its design center. 

antenna relays 
Let's now go back to table 1 and 

compute some currents and voltages on 
the basis of 1 kW being sent down the 
line. This is depicted in table 2. At the 
higher swr's the "average" currents and 
voltages will be higher. This, of course, 
means greater line losses, as described 
earlier. 

Most modern stations use some form 
of antenna changeover device for vox or 
fast cw break-in. Consider the antenna 
relay. Assuming worse-case conditions, 
the relay could be in the line at the point 
of maximum current. If the relay is rated 
at " 1 kW for swr = 1," it's really rated at 
4.48 amperes of contact current {table 2). 
If the number in tables 1 and 2 for 
resistance and current are substituted in 
the equation for power, you'll find that 
the power presented to the relay is 1 kW 
for an swr of either 1 or 2. However, the 
maximum current at an swr of 2 is 6.32 
amperes. So if a relay with a maximum 
contact-current rating of 4.48 amperes is 
operated at the current maximum point 
in the line with a 2:1 swr, the relay's true 
power rating will be (4.48)2 x 25 ohms, 
or 500 watts. Clearly, such a "power 
rated" relay should be derated for max-
imum power-handling capability of 

Orr's article on pi an pi-L networds came 
along.2 Taking these parameters (input 
impedances = 2250 ohms; Q = 15; load 
impedance = 52 ohms) at 14 MHz, fig. 8, 
a similar investigation was made. The 
results, fig. 9, indicate that the pi-L will 
work somewhat more smoothly over a 
wider range. However, a limit still exists 
for the load impedances that can be 
handled; 10 ohms is now the lower limit. 

To sum up, 

1. Low reflected power means low 
swr. 

2. An swr close to one means imped-
ances close to 50 ohms. 

3. Impedances close to 50 ohms 

table 1. Possible line impedances for standing 
wave ratios between 1 and 2. 

swr 

Pref 
p f w d 

possible 
impedances 

50 

1.5 

25 

60 + j20 
60 - j20 
33 .333 

37.5 + j t 2.5 
375 - j12 .5 

75 
50 + j20 .4 
50 - j 20 .4 

2.0 

J_ 
9 

75 + j35 
75 - j 35 

25 
40 + j"30 
4 0 - J30 

100 
50 + J35.3 
50 - J 3 5 . 3 

note: the highest purely resistive impedance is 
50 x swr; the lowest purely resistive impedance 
is 50/swr. 
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1 1.5 2 
4.48 5.48 6.32 
4.48 3.65 3.16 
224 274 316 
224 183 158 

table 2. Voltage and current as a function of 
swr with forward power = 1000 watts. 

swr 
'max (amps) 
'min (amps) 
v m a x (volts) 
v m i n <»olts) 

1000/swr watts. This is, in itself, a good 
argument for a low swr. 

antenna tuners 
It's easy to dispense advice on ob-

taining a low swr, but it's much more 
difficult to specify remedies for curing 
high swr's. If you must live with kinky 
antenna impedances, then you might con-
sider using an antenna tuner. If air dielec-
tric capacitors and silver-plated inductors 
are used, power loss from the tuner will 
be negligible. An antenna tuner will allow 
the impedance presented to the trans-
mitter to be close to 50 ohms, and 
transmitter specifications will be satisfied. 
Such a tuner also pays dividends when 
receiving. 

In fig. 10 the antenna is assumed to 
represent a load resistance of 25 ohms 
(swr of 2). The antenna is connected to 
either transmitter or antenna tuner 
through a lossless line two wavelengths 
long. 

Suppose we accept the idea of recipro-
city, so that the same antenna will have a 
source resistance of 25 ohms when re-
ceiving. Also assume that the receiver's 
input resistance is 50 ohms (actually, in 
many receivers input resistance is close to 
300 ohms). 

In figs. 10A and 10C, where no tuner 
is involved, line swr will be 2 and 1 
respectively. In fig. 10B the tuner will 
transform the load so that 50 ohms is 
presented to the transmitter, and the 
short length of line between tuner and 
transmitter will have an swr of 1. 

If tuner settings are unchanged and the 
receiver is switched in (fig. 10D),theswr 
on the main transmission line will in-
crease to 2:1! What may be even more 
difficult to accept is that the power 
delivered to the receiver will increase-not 
much, true, but an increase nevertheless. 

The reason that more power goes 
down the line in fig. 10D than in fig. 10C 
is because an impedance match exists at 
the antenna terminals in fig. 10D. 

conclusions 
Transmission lines with low inherent 

losses should be used. Disregard reflected 
power as power and think of it as 
contributing to higher standing wave 
ratios. 

SWff « e 25 OHMS —H 
TRANSMITTER 

1 
o 

1 

SVWf « i SWfl = 2 25 OHMS—»• j 
TRANSMITTER TUNER 

| 

o 
•»—50 OHMS SWR - i 25 0HMS—*.\ 

RECEIVER 

•*— SO OHMS | 

e 
SWR'S 

SWR ' I +-P5 OHMS ^ 5 OHMS 

RECEIVER TUNER 

25 OHMS j 

o 

fig. io. Examples of what happens when using 
an antenna tuner for transmitting and receiving. 
Line impedance is SO ohms in all cases; line is 2 
wavelengths long. 

An antenna tuner is worthwhile for 
both transmitting and receiving, especial-
ly when transmitting swr is high. 

Beware of claims by electronic equip-
ment manufacturers. Power-rated devices 
for antenna changeover functions and 
published specifications for transceiver or 
transmitter output swr requirements can 
be misleading. 
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a practical 

144-MHz 

moonbounce antenna 

Here's a practical 

moonbouncing 

antenna 

that provides 

outstanding 

performance 

for tropo contacts 

as well 

• | Earlier this year a radical new antenna 

o design the log-periodic yagi or LPY-was 
introduced to vhf amateurs1-2. This new to 

O antenna has some interesting characteris-
Si tics that should interest any vhf enthu-

siast: broad bandwidth and relatively high 
§ gain. The 9-element two-meter Swan log-
^ periodic Yagi* features 4-MHz bandwidth 
.2 and 11.5 dB gain. And, unlike some 
Q commercial antennas, these characteris-
| tics hold from one antenna to another. 

"§ Both broad bandwidth and high gain 
™ are important for long-haul tropo work or 
co moonbounce. Four of the Swan LPY 

antennas will give 17- to 18-dB gain, and 
eight of them are capable of successful 

O moonbouncing. The array of eight Swan 
5 LPY antennas described in this article is 
^ being used for serious moonbounce work, 
« and is a tremendous performer over long-
_2 haul tropo paths as well, 
o 
X 'Available from Swan Antenna Company, 646 
c North Union Street, Stockton, California 

£ 95205. 
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construction 
I am not going to describe the mechan-

ical portions of the antenna in any great 
detail because locally available materials 
will pretty much dictate how you build 
your own array. Briefly, however, this 
antenna uses a 30-foot section of 3-inch 
aluminum irrigation pipe for the main 
boom. (4-inch aluminum would be better 
if it is available.) The LPY supports are 
made from 10-foot sections of 1-inch 
diameter tv masting. 

The elevation system is made from 
two pieces of 3/8-inch thick aluminum 
plate, hinged at the bottom. The 3-inch 
boom is mounted on the side of the plate 
and the tower mast is mounted on the 
other. A worm gear and motor drive 
lowers and raises the plate, changing the 
vertical elevation angle of the array. I'm 
not going to provide exact details of the 
elevation drive because it was built up 
from surplus parts as we went along, 
more devised than designed. 

Be sure to keep the boom from sag-
ging. *l used nylon rope for my installa-
tion, and it seems to be satisfactory. Do 
not use hemp; it shrinks when wet. 

There's not much roam at the top 
the tower. Left to right: K 6 M Y C , 
W A 6 M I A and K6HCP; W A S U A P 
below. 

feeding it 
The feedpoint impedance of the Swan 

LPY antennas is 110 ohms. This is not 
too convenient for 50-ohm coax, but the 
matching system shown in fig. 1 works 
well. High quality 300-ohm feedline is 
used throughout the matching system. 
(Belden 8275 is highly recommended.) 
All the lines are cut to multiples of 
one-half wave-length; the exact electrical 
length is determined by grid dipping a 

Corrective stub for feeding two of the LPY antennas. 

half-wavelength section and using it as a 
standard for the half-wave multiples. This 
is the method described by W1HDQ in 
the A R R L "Radio Amateurs VHF Man-
ual" (page 182). 

I must stress the importance of using 
half-wave multiples in the feed system. 
When this antenna was first put up 
half-wave multiple feedlines were not 
used and matching was very difficult; in 
addition, the lines were heavily influ-
enced by surrounding objects. The half-
wave multiple lines eliminated these un-
desirable effects. 
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Each pair of LPY antennas is con-
nected through a 1-wavelength section of 
line to a corrective matching stub; these 
matching stubs are adjusted to match a 
300-ohm line. Each pair of matching 
stubs is then connected through'a half-

don't want to put up an array as large as 
eight LPY antennas, the matching scheme 
wil l also work for two or four LPYs. 

performance 
On-the-air performance of the 8-LPY 
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fig. t . Matching feed harness for the practical 144-MHz moonbounce antenna. 

wavelength line to a common standoff 
point. These two junctions are connected 
through 2-wavelength lines to another 
corrective stub, located at the center of 
the array. This latter stub is adjusted to 
match the characteristic impedance of the 
feedline you're using. My array is fed 
wi th 300-ohm Belden 8275. 

A balun must be used for adjusting 
each matching stub. I used the one 
described in QST3 (also in the ARRL vhf 
handbook, page 183). Don't use the 
flexible coax type because they are not 
very predictable. For adjusting the stubs 
on my array I used a 50- to 300-ohm 
balun, an inexpensive low-power swr 
meter and a Gonset Communicator at 
144 MHz. The swr meter does not read 
true swr accurately at 144 MHz, but it 
does null when terminated wi th a 50-ohm 
load. 

The matching stubs are 45-inches long 
and made from 3/16-inch hard-drawn 
copper that I found at one of the local 
scrap yards. If you don' t have any 
material for these stubs, you can buy 
aluminum ones from Cush-Craft*. If you 

*Cush-Craft, 621 Hayward Street, Manchester, 
New Hampshire 03103 . 

array has turned out just as expected. In 
the first two weeks of operation, K6MYC 
and I ran extensive tests and found that 
this array is 3 to 4 dB below his colin-
ear.4 I can hear my own echos off the 
moon, as well as those of K6MYC's. I 
have worked W1FZJ/KP4, almost worked 
SM7BAE, and my moonbounce signals 
have been heard in Australia. 

K6MYC inspects the elevation system. 
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For those of you who would like to 
try 144-MHz EME, I think this is the 
most practical antenna to come along. If 
you're a l itt le more daring, an array of 16 
LPY antennas should be really tremen-
dous. 

I would like to thank Ed, WA6MIA, 
Pat. WA6UAP, George, W6BUR, Glen, 
W B 6 V Y M , and especia l ly Mike, 
K6MYC—without his enthusiasm and me-
chanical talents this array would never 
have gotten off the ground. 

K 6 M Y C makes the final adjustments. 
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NEW 
TRI-EX'S 

MW 
SERIES 

Pound for pound the 
strongest self-supporting 
steel towers available. 

T h e new e c o n o m y MW 
Series towers are designed 
to support up to 9V2 sq. ft. 
of antenna area. Featuring 
Tri-Ex's extra strong tor-
sional twist resistant "W" 
bracing, the all steel MW 
crank-up towers come in 
three sizes, each fully gal-
vanized for carefree main-
tenance. Models available, 
by height, are: MW-35', MW-
50', and MW-65 ' . Nested 
height is between 21' and 
22'. Hinged base and wall 
bracket included with MW 
tower order! See your local 
dealer or write for free cata-
log today. Prices start as 
low as: 

$157.35 

x TOWER CORPORATION 
SMUSSEN AVE., VISALIA, CALIF. 93277 
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receiving 

antennas 

A discussion of 

special purpose 

antennas 

for receiving — 

including some 

novel ideas for 

improved performance 

on the lower bands 
a 
o 
N 
<D 
x. 
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in 
a> 

•Q o 
DC 

It has become popular among amateurs, 
commercial and military stations to use 
the same antenna for receiving as that 
used for transmitting. In fact, amateurs 
have gotten so hooked on the idea that 
we have completely overlooked the tre-
mendous advantages that specially-
designed receiving antennas can offer. 
Take the forty-meter phone band as an 
example: the diff iculty is not so much in 
getting your signal out as it is trying to 
dig the other station's signal out of the 
QRM. Wouldn't it be nice to have a 
receiving antenna that could null out the 
interference while simultaneously main-
taining reception of the desired station? 
Sure, you can build a full-size Yagi and 
stick it up 70 feet in the air, but how 
many amateurs have that kind of money? 
Or room? 

On forty meters you can probably 
work almost anybody you can hear with 
just a little power even if you use a simple 
vertical (or dipole) antenna. Why not use 
the vertical for transmitting and build a 
small, easily rotatable, receiving antenna 
that can make listening to forty a lot 
more enjoyable? 

the receiving system 
The trouble with most antenna books 

is that they talk only about antennas. 
That seems reasonable enough until you 
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realize that the important characteristics 
of a receiving antenna can't be specified 
without considering both the antenna and 
the entire receiving system. You have to 
look at receiver noise as well as the 
electrical noise that the antenna sees. 

A basic receiving system is shown in 
fig. 1. It consists of an antenna, a 
transmission line and a receiver. The 
antenna acts as a transducer between the 
impinging electromagnetic waves, (con-
taining both signal and noise) and one 
end of the transmission line; the trans-
mission line provides a path to the re-
ceiver. The receiver amplifies and detects 
both signal and noise, adds some noise of 
its own and presents the result to the 
listener. 

The basic receiving system problem is 
to maximize the ratio of signal power to 
noise power at the receiver output. SNR, 
the output signal-to-noise power ratio is 
defined thus: 

S 0 
SNR = — (1) 

N 0 

where S Q is the available output signal 
power and N 0 is the available output 
noise power. If we had a perfect antenna, 
transmission line and receiver SNR would 
be the same as the ratio of the signal and 
noise powers as they propagate through 
space. This is the ultimate SNR, and you 
can't do any better. 

There are three basic types of noise 
that make up the noise contribution to 
this ultimate SNR: atmospheric noise, 
cosmic noise and man-made noise. At-
mospheric noise is generated by the 
electrical discharges that attend the 
hundreds of thunderstorms going on 
around the world. In the high-frequency 
portion of the spectrum (3-30 MHz) this 
noise energy is propagated by the iono-
sphere and is more evident below 30 
MHz. 

Cosmic noise is generated by the stars, 
and most reaches the earth from stag-
gering distances; cosmic noise tends to 
dominate the noise picture between 20 
and 200 MHz. 

Man-made noise is just what the name 
implies. It represents the rawest form of 

pollution of the electromagnetic spec-
trum. Even in quiet locations this noise is 
often dominant over others in the region 
from 10 to 100 MHz, although these 
figures are highly variable; in less for-
tunate locations man-made noise may 
completely cover the high-frequency 
spectrum. Typical man-made noise gen-
erators are electric motors, neon lights 
and insufficiently shielded rf generation 
equipment. 

You can't improve the ultimate SNR, 
but let's see what happens when we add a 
lossy transmission line or a noisy receiver 
to the system. The free-space signal and 
noise are attenuated equally as they pass 
through the lossy transmission line; thus 
the SNR at the receiver end of the line is 
identical to the ultimate SNR. However, 

ANTENNA 

fig. 1. Basic receiving system 

consists of an antenna, the trans-

mission line and a receiver. 

at this point noise is contributed by the 
receiver; the result at the receiver output 
is a degraded SNR. 

antenna theory 
At this point let's review some basic 

antenna theory and define directive gain, 
power gain, radiation efficiency and cap-
ture area of an antenna. Reference 1 gives 
an even more simplified treatment of 
basic antenna theory if you need it. 

Power gain. Most simply this can be 
defined, in the receiving sense, as the 
ratio of signal power received from a 
distant station with a directive array, 
divided by the power received with a 
perfectly non-directional (i.e., isotropic) 
antenna. It has the symbol Gp . 

Directive gain, G^, is a measure of the 
directivity of an antenna. It can be 
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thought of most simply as a measure of 
the shape of the antenna radiation pat-
tern. The radiation patterns of two dif-
ferent antennas are shown in fig. 2. Since 
the shape {but not size) of their radiation 
patterns is identical, they both have the 
same directive gain. But the power gain of 

antenna. The cumulative effect of these 
losses can be lumped into foss resistance, 
R|. The useful signal power (transmitted 
or received) can be represented as resis-
tance R r ; this is the radiation resistance. 
The resistive equivalent circuit of a reson-
ant antenna consists of R^ in series with 

I 1 1 

ftNTENNA Gp -"7 1 
1 

A 4 i 4 \ 

e I i * 4 

fig, 2. Comparison of two antennas with identical directive gains. 

antenna A is four times that of antenna 
B. We'll come back to this in a moment. 

Every antenna has some losses. That is, 
if the antenna is used for transmitting, 
part of the transmitter output power will 
be burned up in heat losses due to 
resistance in the antenna. When the an-
tenna is used for receiving, a portion of 
the received signal (and noise) power is 
burned up in the same lossy parts. These 
power losses are due to resistive elements 
present in the antenna (such as the 
resistance of wire, tubing and traps) and 
also due to ground tosses and the like in 
the environment surrounding the 

R r. The radiation efficiency of an 
antenna is defined as: 

Rr 
T? = _ (2) 

R r + R | 

where rj is the symbol for radiation 
efficiency. If the transmitter output pow-
er is multiplied by r\, the result is the 
amount of useful radiated signal power. 
Power gain and directive gain are related 
by: 

Gp = l ?G d (3) 

This accounts for the size difference in 
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the radiation patterns of antennas A and 
B in fig. 2. 

Now we come to "capture area." If an 
impinging electromagnetic wave has a 
power density Dp, then the power from 
the wave which is available at the antenna 
terminals is: 

av AD, (4) 

the antenna capture area. Capture area is 
the effective frontal area which the an-
tenna presents to the passing electro-

put on a number on how much we can 
reduce antenna efficiency for a given 
degradation of SNR. For example, if the 
antenna efficiency is reduced until the 
system output SNR is 1 dB less than the 
ultimate SNR, the minimum required r? is: 

V 

where Pav is the available power and A is ;n decibels: 

To + L T r 

0.26Ta + T 0 

^db = 10 log 1 0 (T o + L T r ) 
- 10 log 1 0 (0.26T a + T o ) 

(6) 

(7) 

TRANSMISSION UNE 

R( 

fig. 3, Equivalent circuit of the basic receiving system. V n ( is the antenna noise voltage, V n a is the 
external noise voltage, V s is the signal voltage and Z Q is the characteristic impedance of the line. 

magnetic wave and is related to the gain 
of the antenna by: 

A = G r 4tr 47T 
(5) 

where A is the wavelength at the frequency 
of operation. 

In these equations TQ is the reference 
temperature (room temperature, 270° 
Kelvin), T r is the receiver noise temper-
ature, T a is the effective noise figure of 
external sources, and L is transmission line 
loss (L = 2 if line loss is3dB). 

The receiver noise temperature is re-
lated to receiver noise figure by: 

the over-all system 
With this background we are ready to 

redraw fig. I into a complete schematic 
(fig. 3). Now we can determine the effect 
that antenna radiation efficiency has on 
receiver output SNR, and we can put 
some limits on this important character-
istic. 

Since a practical transmission line 
attenuates both signal and noise in equal 
proportions, transmission line loss has no 
effect on system output SNR as long as it 
is small enough that external noise dom-
inates receiver noise. Remember that the 
important thing in the receiving sense is a 
high receiver output S N R . We can even 

If you are interested in the derivation of e q . 6 
and 7, send a self-addressed, stamped envelope 
plus 50 cents to cover Xerox costs to the 
author; a copy of the mathematical work will 
be sent to you. editor 

f r = 1 + (8) 
T f 

where f r is the receiver noise factor (fr = 

2 if noise figure is 3 dB). 
The effective noise temperature of 

external sources, T a , is related to an 
"antenna noise factor" by: 

T a 

To 
(9) 

where fa is the antenna noise factor 
4 if antenna noise figure, F, is 

6 dB). Data on F a are available for the 
entire world in reference 3. 

Eq. 6 and 7 give the minimum required 
for less than 1 dB over-all loss in output 
signal-to-noise ratio. Increasing beyond 
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this value provides absolutely no more 
than a 1-dB increase in SNR . In fig. 4 the 
minimum efficiency defined by Eq. 6 and 
7 is plotted against antenna noise figure 
for representative values of transmission 
line loss and receiver noise figure. 

fig. 4. Required mini-
mum receiving antenna 
efficiency required for 
1 dB degradation of 
system output signal-
to-noise ratio, plotted 
as a function of anten-
na noise figure. 

Unfortunately, the three essential an-
tenna characteristics—size, radiation ef-
ficiency and bandwidth—are mutually 
conflicting. That is, you cannot build an 
antenna with simultaneous high effici-
ency, small size and wide bandwidth. If 
two of these characteristics are essential 
to a given design, the third must be 
sacrificed. For example, if you want a 
small wideband antenna, then it must be 
relatively inefficient. If both efficiency 
and bandwidth can be sacrificed then the 
size of the antenna can be very small. 

If external noise is inherently much 
greater than receiver noise (as it is in the 
high-frequency portion of the spectrum 
and below) antenna efficiency can be 
traded for small size and wide bandwidth. 
If wide bandwidth is not important, as in 
single-band amateur use, then the size can 
be reduced still further, and extremely 
small antennas can be practical. It is 
important to note here that we have not 
compromised directivity. Since we have 
only reduced radiation efficiency, the 
directive gain is unaffected even though 
the power gain may be less than unity. 

We may have an antenna with a radia-
tion pattern like antenna B in fig. 2 - a 
perfectly satisfactory antenna for high-
frequency use. In fact, not only is an-
tenna B perfectly satisfactory, it will 
provide almost exactly the same system 

output S N R as antenna A, the efficient 
(and larger) antenna. 

Antenna B in fig. 2 shows how increas-
ing directive gain increases output SNR. 
Compared to an isotropic antenna, an-
tenna B receives an identical amount of 
signal power, but off the back and sides 
where only noise exists it is less sensitive. 
As the back and side sensitivity is reduced 
further to increase directivity, S N R in-
creases in direct proportion because of 
decreased received noise. Remember, if 
the system is external-noise limited, an-
tenna directive gain governs output SNR, 
not power gain. 

antenna noise figure 
The antenna noise figure, F a , is a 

measure of all external noise sources 
combined: atmospheric, cosmic and 
man-made. When designing a high-fre-
quency antenna, you have to look at the 
magnitude of the external noise expressed 
by F a to determine the required antenna 
efficiency. In fact, what must be found is 
the minimum expected antenna noise 
figure, so the realistic minimum required r\ 
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can be calculated. The minimum value of 
Fa for the frequency range from 1 to 100 
MHz is shown in fig. 5. Actually this is the 
cosmic-noise floor; noise figure less than 
the values shown in fig. 5 will seldom be 
observed. 

can be less than 1% of the total antenna 
output (or input) resistance. Loss resis-
tance, Rj, can exceed ratiation resistnace, 
R r , by a factor of 100 to 1! 

This is a long way from the usual 
amateur receiving antenna and offers a 

fig. 5. M in imum an-
tenna noise figure, due 
to galactic noise, as a 
function of frequency. 

5 10 SO 

FREQUENCY (MHZ) 

minimum required efficiency 

If we combine fig. 4 and 5 we can 
plot the required minimum antenna radia-
tion efficiency at any frequency; this is the 
value which we must use in our design. A t 7 
MHz for example, with 3-dB transmission-
line loss and a 4-dB receiver noise figure, 
minimum efficiency is - 2 1 dB. This means 
that the radiation resistance of the antenna 

terrific amount of design freedom. On the 
160-meter band (1.9 MHz) with negligible 
line loss and a 2-dB receiver noise figure, 
loss resistance can exceed radiation re-
sistance by nearly 10,000 to 1! 

As wavelength increases high radiation 
resistance becomes more and more dif-
ficult to achieve with small antennas and 
losses increase. However, with the increas-

fig. 6. M in imum re-
quired receiving anten-
na efficiency required 
for 1 d B degradation of 
system output signal-
to-noise ratio, plotted 
as a function of fre-
quency. 
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ing external noise at lower frequencies, 
lower efficiencies can be tolerated, so 
radiation efficiency can be traded off for 
small size. 

With smallness comes the ability to 
rotate the antenna. Thus we can build 
small directive receiving antennas that can 
be turned, even at 160 meters. This can 
make the difference between a marginal 
contact and armchair copy. 

local man made noise 
Man-made noise has ruined many con-

tacts, especially on the high-frequency 
bands. Every active amateur who uses a 
vertical antenna on 40 meters can re-
member any number of contacts that 
were prematurely interrupted by auto-
mobile ignition noise or a neighbor's 
electric shaver. Let 's examine the char-
acteristics of man-made noise to see if 
there is a way to discriminate against it. 

Man-made noise is characterized by 
predominantly vertical polarization, im-
balance with respect to ground and an 
electric field form. Therefore, an un-
b a l a n c e d , vertically-polarized, elec-
trical-field antenna is an inviting target-
a quarter-wave vertical is ideal in this 
respect. On the other hand, an antenna 
which is horizontally polarized, mag-
netic-field sensitive and balanced with 
respect to ground discriminates against 
man-made noise but is no less sensitive to 
the desired far-field signal. Therefore it 
gives a higher system S N R . 

It is not usually necessary for a receiv-
ing antenna to have all three of these 
desirable properties. If the antenna is 
balanced and magnetic-field sensitive, or 
balanced and horizontally polarized, it 
will usually discriminate against local 
noise to an acceptable degree. 

dipole antenna 

The half-wave center-fed dipole can be 
miniaturized to provide a good receiving 
antenna simply by helically winding the 
two sides and adding a capacitive hat (fig. 
7). This antenna, if mounted horizon-
tally, will be horizontally polarized, 
electrical-field sensitive and balanced with 

respect to ground, and will discriminate 
rather well against local noise. 

The over-all length of this antenna can 
be about six feet for all bands between 160 
and 20 meters, although the number of 
turns on the helix will differ from band to 
band. Specific data for helical antenna 
design is given in reference 4. The 
antenna can be tuned with a grid-dipper 
or antennascope and fed with 72-ohm 
twin-lead. 

If coax is used a balun should be used 
to preserve balance and electrical sym-
metry. The capacitive hats can be one to 
three feet in diameter and made of stiff 
wire; the helix can be one to two inches 
in diameter. This antenna will have the 
same radiation pattern as a full sized 
dipole (a figure 8 in the horizontal plane) 
so it has two nulls that can be used to 
reduce interfering signals. 

If two of these antennas are spaced a 
short distance apart, say 0.05A, and fed so 
that the phase difference between the 

CAPACITIVE HAT 

/ \ 
WAAAMMMMr 

HELICAL-WOUND \ / 

fig. 7. Construction of a helical dipole, end 
loaded with capacitive hats. 

antennas plus the spacing equals a half 
wavelength or 180°, exciting things begin 
to happen. This is the basic end-fire array 
formula and results in a radiation pattern 
similar to antenna B in fig. 2. A 3-dB 
increase in S N R will result, and the 
front-to-back ratio will be quite good. 

the loop 

Another antenna that can be used for 
receiving is the loop. A small loop 
antenna is primarily magnetic-field sen-
sitive and balanced with respect to 
ground (if the plane of the loop is vertical 
the antenna is vertically polarized). For 
use on the 160-through 20-meter bands, a 
suitable loop can be from 2 to 3 feet in 
diameter; typical layouts are shown in fig. 
8. 
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In fig. 8A the upper capacitor is used 
to resonate the loop; the resonant trans-
former is used to match the impedance of 
the loop to that of the transmission line. 
A match can also be obtained wi th the 
capacitive divider shown in fig. 8B. The 
loop itself can be made from one (or 
several) turns of wire or tubing. A good 
description of a loop antenna for receiv-
ing on 160 meters is given in reference 7. 

fig. 8. Loop antennas. In A C I resonates the 
loop; C2 tunes the matching transformer T1. In 
B C I and C2 form a capacitive divider for 
matching to the feedline, and also resonate the 
loop. 

There is no reason why two or more 
loops cannot be phased the same as 
dipoles. The result wil l be a cardioid 
radiation pattern and an increased SNR. 
Loop spacing can be from 0.02 to 0.05A, a 
litt le closer than dipoles; this is because 
the near field of a loop is more confined 
than that for a dipole. 

Both the small dipole and small loop 
are fairly narrowband antennas so it is 
wise to use an antenna coupler between 
the transmission line and receiver. The 
antenna can then be peaked up at band 
center and the antenna coupler tuned for 
maximum response as the receiver is 
tuned across the band. 

summary 
I have obtained good results with both 

a helical dipole and an untuned five-foot-
long dipole wi th a capacitive hat when 
worked through an antenna coupler. 
However, the helical arrangement is some-
what better. 

It is beyond amateur means to actually 
measure the radiation efficiency of an 

antenna, but there is a simple test which 
determines if an antenna has sufficiently 
high radiation efficiency to be a good 
receiving antenna. Simply hook the 
antenna up to the receiver; and if there is 
a significant increase in noise at the 
receiver output then the antenna effi-
ciency is high enough. 

A t radio frequencies there is a compli-
cated relationship between antenna size 
and radiation resistance. What it boils 
down to is this: if the greatest dimension 
of a linear antenna is greater than about 
four feet, and the area enclosed by a loop 
is greater than about two square feet, the 
result wil l be sufficiently high radiation 
efficiency. 

It has been found through experience 
that when sky-wave circuits open up 
atmospheric noise levels increase to the 
point that antenna efficiency can be 
reduced another 20 dB at frequencies 
below 10 MHz. Since the sky-wave circuit 
is the rule for most amateur contacts 
the data of fig. 6 can be modified 
accordingly. 

I hope this article has tickled your 
imagination enough to send you to the 
workshop, latest issue of ham radio in 
hand. Small antennas can do a superior 
receiving job on our high-frequency bands 
so give them a try. 
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| ground plow 

This tool 

simplifies 

the installation 

of large radial systems 

that are required 

for efficient 

vertical 

antenna systems 

As I was working in the library one day, 
researching a science article, I came upon 
a "ground plow." Now, what would you 
use a ground plow for? I wondered. I 
read. 

The vertical antenna is a popular low-
angle radiator; it is simple to build and 
very adaptable to multiband work. Lots 
of amateurs use vertical antennas, and I 
certainly would myself, if I had a place to 
put it. But if you want to build a really 
good vertical antenna, you wind up with 
a rather difficult grounding problem. 

some notes about grounding 
An efficient vertical antenna must 

have an excellent ground system. Since it 
extends up into the air, there seems to be 
very little relation to the earth it rest H 
upon, but actually the vertical antenna is UJ 
one-half of a dipole (fig. 1). The other 5 
half is a mirror image in the earth, made » 
up of the electrical effects of heavy ^ 
ground currents. But soil typically has a 
fairly high resistivity, and, outside tidal ^ 

salt flats, the total ground resistance is 
too high for efficient grounding from a 
mere copper-clad steel ground rod. Much 
of the energy intended for the antenna is 
lost in the earth around it. 

There is another way of looking at this 
(fig. 2). Starting at the coax input cable, 
we find a complete circuit through the 
antenna's radiation resistance and its 
ground resistance. Current flows in loops 
around antenna circuits, just as in wire 
circuits, and in this case it flows from the 
cable center conductor, through the 
tower, into space, back to ground, and 
returns to the cable. 

Some of the applied energy is radiated 
into space. This is accounted for in our 
diagram by the "radiation resistance," 
which can actually be measured as the 
antenna's radiated power divided by the 
square of the applied current. This is the 
familiar W = l 2 R equation. The radiated 
power can also be viewed as the product 
of current through, times voltage across, 
the radiation resistance. But this is not 
easily measured since the current that 
sees the radiation resistance also sees the 

GROUND RETURN CURRENT 

fig. 1. Radio-frequency current flows into 
space from the tower and returns to the ground 
terminal. 
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ground resistance and our measurements 
will indicate the total voltage across both 
resistances. (Fig. 2 supposes we are 
operating at resonance, whsre inductive 
and capacitive reactances balance out.) 

Rf current flowing through the earth 
dissipates power in direct proportion to 
the ground reisitance. If ground resistance 
is equal to radiation resistance, one-half 
of the power reaching the antenna is lost. 
This applies to incoming signals, too. 
Since it is easier to make a lossy ground 
than a lossy antenna tower, this invisible 
part of the system is far more than a 
minor detail. If our antenna system is 
inefficient, we probably have to fix an 
inefficient ground. 

It turns out that ground losses are 
really serious only near the tower. The 
losses decrease as the square of the 
current, which in turn falls off faster than 
inversely as the distance. At a part of a 
wavelength away from the vertical radia-
tor, up to a few wavelengths at vhf, the 
current is low and the losses also low. We 

fig. 2. Since the 
same current flows 
through both anten-
na a n d ground-
return resistances, 
applied power Is di-
vided between the 
resistances. If the ra-
diation and ground-
r e t u r n resistances 
are equal one-half 
the applied power is 
wasted as heat in 
the earth. 

need a good ground surface only near the 
tower. 

A broadcast engineer's rule-of-thumb 
indicates how good this ground surface 
must be: " A radial ground system con-
sisting of 120 quarter-wavelengths of cop-
per wire will have an effective resistance 
of 2 ohms." Very few amateur ground 
systems will meet this spec, but by 
comparison one or two ground rods may 
be terribly inadequate. 

Probably a great many amateur ground 
systems have resistances of 20 ohms or 
more; and that is in the radiation resis-

tance ballpark for large vertical antennas. 
If the tower's electrical length is reduced 
the radiation resistance falls too as shown 
in fig. 3. This suggests a short antenna on 
80 and 160 meters may have a radiation 
resistance in the one- to- ten-ohm ball-
park! If you are thinking of serious 
communicating and particularly any DX 
work, it's very likely you need to put in 
some time on your ground system. 

the ground plow 
Would you dig ditches to install a 

hundred and twenty radials four to 
twelve inches in the ground? I am afraid I 
wouldn't. At 80 meters that would be 
about 7200 feet, or twenty feet per day 
for a year. The wire is probably not much 
of a problem, and for this application I'd 
try the power company, junk yards, 
surplus dealers, and other such sources 
for good used copper wire. It needn't be 
all the same size but should be around 
number 10 or so for adequate strength. 

The pros put down a good ground 
plane with a ground plow (fig. 4). Its 
sharpened leading edge digs down into 
the ground until the skids or wheels at 
the ends of the main frame are riding 
along the surface. A tractor pulls the 
plow, but it should not be so close that it 
yanks the plow out of the ground. One or 
two chimney blocks or some cinder 
blocks serve as weights, and you walk 

fig. 3. Radiation resistance of 
short vertical antennas. 

RADIAVON 
RESISTANCE 

0ROUND 
RESISTANCE 
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along behind guiding it in a reasonably 
straight line but around rocks and obsta-
cles. Your helper rides the tractor, which 

point, of course, is to make this a small 
group or a club project, rather than do it 
all yourself. 

fig. 4. This plow simply cuts a slit in the 
ground and feeds copper wire into the bottom 
of it. The dimensions are not critical, but a 
shallow cut is preferred because the plow is 
easier to pull and the entenna rf field does not 
extend very far into the soil. 

.HEEL OF WIRE 

SKID PLATE OR WHEEL / \ \ \ 
r o n u r a tun ocao /' x V n 

for a shallow cut in good soil could be a 
small garden variety. Extra weight may be 
required on the driving wheels. With this 
gear an 80-meter ground plane should go 
down in a half clay. 

How about making the plow? This is 
easy if there is a welding shop nearby. 
Since the plow will be used rarely it can 
be assembled from scrap iron. A cutting 
torch will cut inch thick iron like wax 
and can rough out the bevel too. Then 
the bevel is finished with a hand grinder 
and the rest of the frame, skids, and etc. 
welded on. The finished plow can be 

fig. 5. A simple junction loop assembly with 
radials connected to a ring rather than to the 
tower. This provides a reliable structure and 
avoids problems with big bundles of heavy 
copper wire. 

finishing up 
Unless you are using a gamma match 

your tower will rest on an insulator in the 
center of the ground plane. Broadcast 
practice is to have a heavy expended-
mesh screen in this area since the voltage 
and current levels are very high, but you 
can get by with some two- or three-foot 
sheet copper radials to carry the ground 
return currents. 

Outside the radials there is a contin-
uous ring of copper pipe or more copper 
strips. Two to four copper-clad steel rods 
are driven into the earth around the ring's 
perimeter. These serve two purposes: 
they hold the ring in place and serve as an 
additional channel for carrying lightning 
strikes into the earth. Your antenna is 
likely to be hit by lightning at least once 
every year or two, and if you are in 
certain parts of the Midwest or Florida, 
you can expect frequent fireworks. 

The radials are brought to the circular 
ring, rather than to the tower itself, and 
connected by soldering or brazing. This 
finishes the job, and you will have an 
effective ground system that will enhance 
communications. 

ham radio 
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multi-band antenna 

ic duplexer 

The new Motorola integrated-circuit 
duplexer, the MCH5890, operates at fre-
quencies between 400 and 500 MHz with 
up to 40 watts i n p u t and features 0 .1 dB 
transmit mode insertion loss with a typical 
25-dB transmit-mode isolation figure. 
Although the primary job of the MCH5890 
is as a transmit-receive switch, it will also 
find use as a monitor network in trans-
mitter circuits, as the sampling unit in afc 
and age circuits and other related com-
munications applications. For more in-
formation, write to Technical Information 
Center, Motorola Semiconductor Pro-
ducts, Inc., Box 20924, Phoenix, Arizona 
85036. 

The Bomerang II antenna system is 
designed for 80 and 40 meters, but when 
tuned properly, it will also perform satis-
factorily on 20, 15 and 10 meters. The 
antenna system consists of 108 feet of 
copper wire, two high-strength light-
weight traps, a 1:1 balun, hardware and 
insulators. All hardware is stainless steel 
or copper and the traps are encased in 
impervious polyvinylchloride. 

This antenna is usually erected in the 
popular inverted-V configuration, but 
sometimes it is installed as a flat-top. 
Because of the low weight of the system 
and the low wind profile of the traps, 
number 16 copper wire may be safely 
used; number 12 or 14 may be used for 
high strength. Suitable number 16 wire, 
such as Belden 8074, (126 feet) costs 
about $3.00. 

The Boomerang II antenna system, 
rated at 2 kW PEP ssb, complete with 
balun, less wire, is $22.95. Boomerang II 
without balun is $12.95; the AB1 Boom-
erang 1:1 balun is $10.95. Al l prices 
postpaid in the U. S. A. 

portable ssb transceiver 
One of the hottest new items at the 

SAROC convention in Las Vegas in Feb-
ruary was the new TR-5 ssb transceiver 
shown by the R.L. Drake Company. This 
new transceiver, planned for 1970 deliver-
ies, and targeted far the $400 price class, 
features five-banc! coverage, nearly all 
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the 
NI-MAST 

...a breakthrough 
in tower design 
by TRISTAO 

y d 

mm m 

For the first time, a self 

supporting crank-up mast 

is offered that wil l do the 

job formerly performed 

by towers costing far more. 

The 30' model (MM-30) 

sells for only $119.95* 

and the 35' model (MM-35) 

only $129.95*. Both are 

two section, constructed 

of high strength tubing de-

signed to safely support 6 

sq. f t of antenna in winds 

upto 50 MPH. 

The Mini-Mast is ideal for 

l l ' n f l M amateur and television 
K - J ffiilf 

Ml antenna installations. 

The standard model has a flat base and wall 
bracket. Optional offerings include a unique 
rotor base which rotates mast and beam as-
sembly from the ground. For details, options 
and prices please write. Hmmmiii 

11240 W. Olympic Blvd., Los Angeles, Calif. 90064 
213/477-6701 

931 N. Euclid, Anaheim, Calif. 92801 714/722-9200 
Butler, Missouri 64730 816/679-3127 

so l id -s ta te construction (the three 
vacuum tubes in the unit are for the 
driver and power amplifier) and a built in 
power supply that can operate from 12 
Vdc or 120/240 Vac. New pulse-powei 
techniques give 500 waits PEP input on 
ssb and 100 watts on CW while running 
less than 2 watts input during tune up. 

Frequency stability is less than 200 Hz 
aftei warn in p. Dial cal ibrat ion-with con 
centric dials -is zero to 1 MHz in 1 kHz 
divisions. Receiver sensitivity is 0.5 /jV 
for 10 dB signal- plus noise-to-noise ratio. 
Receiver age results in a 3-dB change in 
output for 60-dB change in signal level. A 
built in meter reads plate current and 
S units. Transmit modes are upper side 
band on 10, 15 and 20 meters, lower 
sideband on 40 and 80 meters, push-to 
talk only (manual cw), Accessories in 
elude an i f type noise blanker and a 100 
kHz calibrator. R. L. Drake Company, 
540 Richard Street, Miamisburg, Ohio 
4 5 3 4 2 . 

fast-sweep knob 

/ 
A new fast-sweep control knob that 

dials like a telephone has been introduced 
by Kurz-Kasch, Inc. The new knob fea-
tures a recessed finger pivot on its peri 
meter that eliminates the awkward crank 
handle of earlier designs. The new fast-
• sweep knob measures 2'/.. inches in dia 
meter and 1 inch deep, and is molded 
from black plastic wi th a brushed alum-
inum inlay. Price is S3 each form larger 
electronic distributors. 
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coil calculator 

The American Radio Relay League has 
introduced a modern slide-rule type cal-
culator that can be used for solving 
problems dealing with inductance, capaci-
tance and frequency. If you remember 
the old Type A calculator, this is an 
up-to-date easier-to-use version. The 
L/C/F calculator efficiently solves simple 
problems such as the frequency corres-
ponding to a given wavelength, and vice 
versa, as well as much more complex 
problems such as determining inductance 
and capacitance values that will resonate 
at a given frequency (or wavelength), 
finding the resonant frequency for a given 
combination of inductance and capaci-
tance, calculating the size coil required 
for a given inductance when coil length 
and diameter are predetermined, and 
finding turns-per-inch for various wire 
sizes. Scales cover inductance for 0.1 to 
1500 microhenrys capacitance from 3 pF 
to 0.01 juF and frequency from 300 kHz 
to 100 MHz. 

The L/C/F Calculator, Type A, a con-
venient bench-top 4 x 1 0 inches, is $2 
from your local electronics store, or 
direct from the American Radio Relay 
League, 225 Main Street, Newington, 
Connecticut 06111. 

electronic circuit design handbook 

The new third edition of this well 
known handbook contains well over 600 
proven and tested electronic cir-
cuits—circuits selected by the editors of 
EEE Magazine on the basis of their 
originality and practical application. Cir-
cuits represent all branches of electronics, 
and include both basic and advanced 
designs that can be used to suit the 
reader's specific needs. Included in this 
handbook are control circuits, regulator 
circuits, filter and suppression circuits, 
amplifiers and oscillators, converters and 
inverters, power supplies, gating and logic 
circuits, as well as many others. 384 
pages. 750 illustrations. $17.95 hard-
bound from Tab Books, Blue Ridge 
Summit, Pennsylvania 17214. 

...TRISTAO'S 
MAGNA MAST 

The new Magna Mast is a 
heavy duty self supporting, 
rotating crank-up mast de-
signed for ease of installation. 
It utilizes the new Tristao 
Rotor Base with swing over 
design, permitting antenna 
servicing at ground level. 
The Magna Mast's clean tubu-
lar design will support 12 sq. 
f t . of antenna in 60 MPH 
Winds. Its finish is entirely 
hot-dipped galvanized. 

MA-490 49' Magna Mast $389.95 

MARB-40 Rotor base $109.95 
(rotor not included) 

MAF-40 Raising fixture $59.95 

MA-660 66' Magna Mast $799.95 

MARB Rotor base $199.95 
(rotor not included) 

MAF Raising fixture $119.95 

If your requirement is for a tower 
of only 30 or 35 feet let us send 
you specs and prices on Tristao's 

Mini Mast". It's a little beauty. 

Usury Ms 
11240 W. Olympic Blvd., Los Angeles, Calif. 90064 

213/477-6701 
931 N. Euclid, Anaheim, Calif. 92801 714/722-9200 
Butler, Missouri 64730 816/679-3127 
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only in repeater systems with exactly 
5-MHz channel spacing. 

Other paragraphs in the docket con-
cern attendance at the repeater trans-
mitter or at an authorized fixed control 
point, and limiting power input (to re-
peaters) to 600 watts. 

Although the proposed rules have the 
effrontery to suggest that they won't 
duly inhibit the growth of useful repeater 
systems, how can a system possibly grow 
when all of the parameters are initially 
specified? The amateur regulations have 
traditionally been more permissive than 
restrictive—a policy that has bred initia-
tive and inovation. Development of inter-
linked repeaters, multiband systems, tv 
and wideband data repeaters, command-
control systems and telemetry wil l be 
stifled by the rules proposed in Docket 
18803, as will experimentation, one of 
the mainstays of amateur radio. 

There's still time to do something 
about Docket 18803, but you've got to 
stand up and be counted now. Al l of our 
vhf fm readers should already have re-
ceived a copy of the docket which went 
out several weeks ago, along with the 
comments of our fm editor, Jay O'Brien, 
W6DGO, and a resume of related ideas 
generated at a recent meeting of the 
California Amateur Relay Council. If you 
haven't seen a copy of this material, but 
would like one, simply send me a 
stamped self-addressed envelope and I'll 
put a copy in the return mail. 

Comments on Docket 18803 must be 
filed by May 15, 1970, with reply com-
ments on or before June 1, I970, so you 
don't have time to dilly-dally. Remember 
that comments to FCC proposals must 
include an original and fourteen copies 
(complete filing details are included with 
the Docket 18803 mailing piece from 
ham radio). With the abundance of office 
copiers that one finds today, those 14 
copies shouldn't pose too much diff iculty 
to the amateur who is really interested in 
contributing his ideas. 

Jim Fisk, W1DTY 
editor 

EAST COAST 
FM 

CONVENTION 
in conjunction with the 

ORLANDO 
HAM-FEST 

MAY 23-24, 1970 
HILTON INN and JAMAICA INN 

W Colonial Drive, Orlando, Florida 

FM TALKS, AND 
TECHNICAL SEMINARS 
SOUTHEAST REPEATER 
ASSOCIATION MEETING 

ADVANCE FM REGISTRATION 
DOOR PRIZE 

REPEATER TALK IN: 
146.34 TO 146.76 MHz 

Special advance reservations are 
being taken for the FM convention 
and lodgings at the Jamaica Inn. 
Send stamped, self-addressed en-
velope for advance FM reserva-
tions and accommodations. 

Registration $2 .00 
Accommodations Single $10.00 

Double $13 .50 

Êa Rli 
BOX 8 2 

PALM BAY, FLORIDA 3 2 9 0 1 
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a second look fish 

Perhaps you've noticed the articles in the 
national news media aimed at educating 
the lay public about the electronic com-
puter and its impact on modern society. 
Some of these news items are well done 
and reflect the responsibility of the repor-
ter. Others, while leaving something to be 
desired in authenticity, nevertheless pro-
vide some amusing reading. An example 
of the former is the extensive coverage 
given to the Apollo 12 lunar landing 
module navigational computer and its 
vita! role in the success of the mission. 
These reports did a pretty good job of 
informing the public about a complex 
subject in a nontechnical manner. On the 
other hand, articles in the same publica-
tion described the computer as some kind 
of electronic monster bent on invading 
personal privacy and generally disrupting 
the status quo of the credit consumer and 
taxpayer (i.e., you and me). 

Regardless of what the public is led to 
believe in the national news media, the 
fact remains that the computer and the 
vast industry behind it are a solid part of 
the American scene and will be around 
for awhile. 

A casual glance at the electronic indus-
try trade journals will give an idea of how 
rapidly computer technology is changing. 
The intense competition for new markets 
has resulted in innovations, new devices, 
higher speeds, and more efficient circuits. 

An area of computer innovation not 
generally known to the public is inter-
active computer graphics. Simply stated, 
the technique consists of using hardware 
designed to enable the engineer to com-
municate directly with the computer. In a 
typical application, the engineer watches 
the problem on a crt screen as the 
solution is being developed. He can com-
municate directly with the computer 
through a fight pen and a typewriter. The 
typewriter allows him to carry on a 
conversation directly with the computer; 
he uses it to respond to cues displayed on 
the crt screen. The light pen, which is a 
pencil-shaped bundle of fiber optics 
coupled to the crt, allows the engineer to 
precisely place lines or circles of desired 
dimensions on the crt screen, create new 
shapes, or change the display to the 
desired scale—all in real time. 

The beauty of interactive computer 
graphics lies in the phrase, " in real time." 
Using former techniques, the engineer 
was required to design a program, run it, 
study the printout, then iterate changes 
through the system until an acceptable 
solution was obtained. At upwards of 
$600 an hour for computer time, it's easy 
to understand why this new innovation of 
computer technology has been received 
with such enthusiasm. 

Jim Fisk, W1DTY 
editor 
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gallium arsenide 

LED 
experiments 

Theory and 

application 

of light-emitting 

diodes and 

photodetectors 

in communications 

circuits 

One of the most interesting fields of 
electronics that has been neglected by 
amateurs is communications by lasers and 
their relatives, the light-emitting diodes. 
Experimental data is meager in the am-
ateur literature. Ready-made equipment, 
of course, doesn't exist. 

I became interested in building a diode 
laser communications link between my 
home and a local broadcast station, both 
for the novelty of the idea and to com-
municate with colleagues. The experi-
ments reported in this article are a first 

g iteration toward achieving the laser link. 
^ The professional literature describes 
>» bulky, expensive optical devices as mod-
« ulators placed in front of equally expen-
c sive ruby rods or gas lasers. The light-
M emitting diode (LED) and diode injection 
c o 
C Broad-area quadrature detector for broadcast-

' s band response. A 1-MHz pilot carrier, injected 
4) 

_j through the lens shade, produced sidebands 
of above and below 1 M H z in a Hallicrafters 

S X - 1 2 2 . v. Q 
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laser are well w i th in amateur means, so I 
investigated those. 

My early experiments were made wi th 
equipment designed from scratch and 
wi th a minimum of help from reference 
material, because I wanted to learn by 
doing. Af ter much trial and error, I was 
able to achieve what I believe is an 
amateur world record for one-way 

a word of caution 
Unless you've had experience wi th 

laser diodes, I'd recommend starting first 
wi th LED's. An early attempt wi th in-
jection lasers ended in disaster. These 
devices must be operated wi th a power 
supply duty cycle of 0.1 percent 
preferably less. The average power of a 
diode laser must be . kept low to avoid 

VISIBLE 
LIGHT 

-H H-

J I I I L 
103 104 105 I06 101 

FREQUENCY (GHl) 

J L 
3X10 3X10 J 3X10 JKIO-3 3X10 " 

WAVELENGTH (CM) 

fig. 1. A p p r o x i m a t e spectral regions. " N e a r " IR and U V spectra are referenced to visible light. 

ranging wi th LED's: a distance of 250 
feet. This was done wi th the equipment 
described in the fol lowing paragraphs. I 
used a GE SSL-4 LED transmitter and a 
broad-area detector comprised of seven 
GE L14A502 phototransistors in a 
honeycomb matr ix.* The 250-foot range 
is five times as far as that obtained wi th 
commercially designed equipment using a 
white (incandescent} noncoherent light 
source and the same type detector. 

*The SSL-4 is available from G. E. for about 
$7.50. Write Miniature Lamp Dept., General 
Electric Company, Nela Park, Cleveland, Ohio 
44112. The L14A502's were obtained f rom G. 
E. as a sample 

^The gunsight ($10.00) and achromat (about 
$3.50) are available from Edmund Scientific 
Company, 101 E. Gloucester Pike, Barrington, 
New Jersey 08007, The CV-148 ($5.00) can be 
obtained f rom John Meshna, Jr., Box 62, E. 
Lynn, Massachusetts 01904. 

overheating, so a pulsed power supply is 
used. If its duty cycle is much above, say, 
0.05 percent the injection laser wi l l go 
up in smoke no matter how good its heat 
sink. Cryogenic cooling allows higher 
duty-cycle pulsing, but this is beyond the 
means of most hams. 

operating frequency 
The equipment used in these experi-

ments operated in the infrared region {fig. 
1). Because of the nearness of infrared to 
the visible light portion of the spectrum, 
optical equipment can be used to enhance 
operation. The optics I used were a sur-
plus NC-3 gunsight, an f/1.9 two-inch-
diameter achromatic lens, and a surplus 
British type CV-148 sniperscope image 
tube.* The gunsight was used to collimate 
light rays from the LED; the achromat 
was used to focus light input and output. 
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The image tube was used as an infrared 
detector in some experiments. Its sensi-
tivity is low for L E D work, but it's a 
good detector for laser use. 

how LED's work 

When driven by an external power 
source, certain semiconductor materials 
produce light. The light can be in the visi-
ble or invisible part of the spectrum, 
depending on certain laws of quantum 
mechanics. If an LED ' s p-n junction is 
forward biased, electrons from the n 
region (valence band) will flow across the 
energy-band gap into the p region (con-
duction band). Here the electrons re-
combine with electron holes, then fall to 
a lower energy level where they emit a 
photon, which is a quantum of light. 

The wavelength of the emitted photon 
depends on the energy-band gap between 
the n and p regions. LED ' s constructed of 

glossary 

Improved Broad-area detector using seven GE 
L14A502 photo transistors connected as di-
odes. A maximum range of 2S0 feet was 
obtained at twilight with this unit. A surplus 
NC-3 gunsight was used as a collimator. 

responsivity 

sensivity 

spatial coherence 

spectral coherence 

lasing 

monochromaticity 

output signal per unit 
input signal of photo-
dectector. 

change in output per 
unit input change of a 
photodetector. 

phase relationship be-
tween two wave trains 
in space (determines 
output directivity of a 
laser). 

a measure of the restric-
tion of a photode-
tecior's light output to 
a single wavelength or 
band of wavelengths 
(i.e., color response). 

phenomena exhibited 
by certain materials 
when the threshold 
cond i t i on has been 
achieved for self-sus-
taining photon emis-
sion. 

degree of response to 
one color in the electro-
magnetic spectrum. 

gallium arsenide (GaAs), as used in my 
tests, have a band gap that permits radia-
tion in the near infrared region (refer 
enced to visible light; fig.1 ). Visible light 
may be emitted from LED ' s with a wider 
band gap. For example, L E D ' s made of 
gallium phosphide emit green light. 

L E D output is determined by the 
geometry of the host material pellet and 
the device's packaging. Some GaAs LED ' s 
are packaged with a parabolic reflector as 
part of their structure. An epoxy lens col-
limates the light output to a very narrow 
region of the device's optical axis. 

L E D light output is noncoherent, 
whereas that from a laser is coherent. The 
significance of these terms will become 
apparent when we consider the laser, dis-
cussed ndxt. 

lasers 
The first operating laser was demon-

strated by T.H. Maiman in 1960. Its 
principles have been covered extensively 
in the literature. The following brief de-
scription, although considerably simpli-
fied, is given to show the comparisons 
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between L E D ' s and lasers. 
Laser is an acronym for "l ight ampli-

fication by stimulated emission of radia-
tion." In its most prevalent form, the laser 
is used as an oscillator. It can be used as 
an oscillator. It can be used as an am-
plifier, but its spontaneous (noncoherent) 
emission is so great that it doesn't per-
form well as an amplifier at low input 
levels." 

A n LED , as explained above, emits 
light due to the transition of electrons be-

PULSEO 
POVrliR 

SUPPLY 

LED 
SOURCE 

1 
p/cro 

DETECTOR 

TUNED 
CIRCUIT 

OUTPUT 

OPTICS 

fig. 2. Basic arrangement for a simple pulsed 
light system. Achromat lenses increase perform-
ance, but are difficult to align if separation 
between source and detector is great. 

tween energy levels. However, the light 
output is noncoherent, which means its 
phase and amplitude are not correlated 
(recall that if two wavetrains of the same 
frequency are in phase, their amplitudes 
are maximum). 

In a laser, radiation from an external 
source, called a pump, raises the electrons 
of the active material from a lower to a 
higher energy level. Some of the electrons 
are absorbed, but some will be driven 
downward to an intermediate level, from 
which they will return to their original 
low-energy state and emit photons. This 
process, called stimulated emission, con-
tinues in a chain reaction similar to a 
nuclear explosion. If the laser output is 
coupled to a resonant circuit of high Q, 
and if certain optical arrangements are 
used, an extremely powerful and co-
herent light source is produced. 

The difference between laser and L E D 
operation is that L E D ' s do not exhibit 
stimulated emission, and their light out-
put is spatially noncoherent. 

"Thus the term " loser " is sometimes used; i. e., 
"light oscillation by stimulated emission." 

coherence 

Two types of coherence are involved: 
spectral and spatial. The former deter-
mines how closely light output is re-
stricted to a single wavelength or band of 
wavelengths, while the latter pertains to 
waves in space. Spectral coherence is a 
measure of monochromaticity. Most 
L E D ' s and all lasers produce monochro-
matic (single-color) light. Since spatial 
coherence depends of the frequency of 
pumping radiation, which does not occur 
in L E D operation, L E D ' s exhibit little 
spatial coherence. 

If the input wave to a laser (supplied 
by the pump) has plane wave fronts, the 
laser's output will also contain plane 
waves. The degree of phase correlation 
(or regularity) between these plane wave 
fronts is a measure of spatial coherence, 
which determines directivity. The laser 
beam will have almost constant width for 
a distance, S, according to the following 
relationship 

s - 5 1 
4 

where D is the diameter of the laser out-
put source, and A is the wavelength of 
radiation. Beyond this distance, S, the 

The SSL>4 L E D mounted in an A m -
phenol M X - 1 0 2 5 / U cable termination, 
encapsulated witn epoxy (right). The 
surplus CV -148 image tube is shown at 
left; the battery supplies 510 volts for its 
photocathode. 
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wave begins to assume a conical shape 
wi th wave fronts assuming a sphere, as in 
radiation at radio frequencies. 

pulsed light systems 
A simple pulsed light system using 

LED's is shown in fig. 2. This basic sys-
tem can be modified to include a speech 
modulator and various postdetection 
amplifiers, as well as the optics shown 
focus divergent light to allow wider spa-
tial separation between LED and detec-
tor. The theoretical separation is of the 
order of several miles. In practice, this is 
l imited to several yards because of the 
d i f f icu l ty in aligning the optics and LED 
response to stray fields. 

detectors 
The limiting element in an LED com-

munications system is the detector. The 
best detectors for light transmission have 
high responsivity and sensitivity. Minor i ty 
carrier lifetime determines responsivity, 
whether we're discussing photodiodes, 
photo transistors, or image tubes. A de-
tector w i th high responsivity wi l l deliver 
an output signal w i th in picoseconds after 

_ ELECT file OR 
/ MAGNETIC FIELD 

-J\ 
IMA GE 
FROM 

OPTICS / 

J 3 J / T 

A 
1 PHOTOCATHODE 

f jg. 3. A typical electron image converter 
tube. These respond well to pulsed light 
sources but sensitivity is low for L E D 
work . 

an input signal is applied. Sensitivity is a 
measure of the change in a detector's out-
put per unit input signal change. Some 
authorities use the word "responsit iv i ty" 
t o describe detector performance—a 
coined word combining both terms. 

broad-area response 

Another important consideration for 
light detectors is broad-area response. A 
simple analogy using the human eye wi l l 

explain this. If you've ever been on a hill-
top at dusk you may have noticed how 
bright an incandescent lightsource ap-
pears on the skyline. Here we have many 
point sources of light that are partially 

+ / 8 0 V 
ZENER REGULATED 

HEATH TWO'ER 
MODULATION 

TRANSFORMER 

IMAGE 
DlSPL AT 

• PHOSPHOR 

r r r 

fig. 4 . A pulsed power supply for L E D ' s 
that develops about 9 0 0 m W . It's not 
suitable for an injection laser, however. 

collimated into parallel rays. With suffici-
ent sensitivity, there's almost no l imit to 
the amount of incident light falling on 
the broad-area retina of the eye. A photo 
detector should have an array of at least 
ten input sources to receive noncoherent 
radiation from an LED. 

I made my broad-area detector array 
by arranging several GE type L14A502 
photo transistors in a honeycomb matriy. 
These were connected as photodiodes in a 
lens-in-can arrangement to provide optical 
gain. 

detector response 
Photo transistors (or more correctly, 

photo duo-diodes) are of the npn type. 
When operated in the reverse-bias mode, I 
consider them to be p-n diodes. They re-
spond to rms output only. Peak power, as 
from a pulsed system, can't be sensed by 
these devices, even wi th a 6 percent duty 
cycle. The only diodes that respond to 
peak input are the p-i-n types such as the 
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Schottky barrier diodes. However, these 
are rather expensive.* 

The cadmium selenide (CdSe) photo 
cell has relatively high sensivity, but suffers 
from the same disadvantage as the com-
mon npn photo duo-diodes: linear re-

higher sensitivity and spectral response 
when considering the CdSe cells. 

the image converter tube 
The S1 image tube is a good candidate 

for an infrared detector. A simplified 

7.5 

fig. 5. A power supply good for 1.25 watts. Duty cycle is 50 percent. Speed-up diodes D1 and D2 
shape the output pulse trailing edges. 

sponse. An envelope detector must be 
used with these for best results. Cadmium 
selenide cells exhibit a spectral shift fur-
ther into the visible light region. You 
must, therefore, make a tradeoff between 

*The type PIN-5 ($24.00 post-paid f r o m Unit-
ed Detector Technology) seems to have greatest 
responsivity for pulsed l ight. 

sketch is shown in fig. 3. These tubes 
respond to pulsed light because the 
phosphor screen (made of Willemite P1 
phosphor) has a storage effect on the re-
combined secondary carriers received 
from the photocathode. The storage 
phonomenon results from a sort of math-
ematical integration of impinging elec-

fig. 6. An L E D modulator. Circuit on right can be used for improved voice modulation (perJA3HA). 

+ IZV 

m 
TA-7234 /SSL-4 MODULATOR 
OUTPUT OPTION - USE LOW 

DC VIDEO CHOKE 
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trons. Image tubes that respond to repeti-
t ion rates of the order of 100 pps are 
made of P20 phosphor. Nonimaging 
photodiodes, properly biased, operate 
similarly on pulsed light: the Schottky 
barrier is an equivalent mechanism to the 
image tube phosphor in its storage effect. 

power supplies 

A pulsed power supply that wil l deliver 
900 mW is shown in fig. 4. Its duty 
cycle is about 1 percent. When the capaci 
tor is ful ly charged the HEP-241 bipolar 
switches the pulses through the scr, which 
acts as a gate. The result is a current pulse 

less than 200 nsec. Diodes D1 and D2 
shape the trailing edges of the pulses. 

The series resistor in the output should 
be 4, 6 or 10 ohms when the supply is 
used wi th LED's such as the ME-2, SSL-4 
or TA-7324A respectively. I'd recom-
mend using a no. 248 miniature lamp to 
replace the LED when testing a new 
light-source design. It's a lot better to 
blow up a lamp than an ME-2 at $30.00 
each. 

modulators 

The modulator shown in fig. 6 is pat-
terned after a circuit in G.E. Solid-State 

fig. 7. Quadrature detector used for receiving L E D output translated to the broadcast band. C I is 
five .005 capacitors in parallel; R1 is five 560 ohm resistors in parallel. T1 is a tuned quadrature coil 
wound on 57-1736 carbonyl sf toroid; primary is no. 32 wire wound to fill 7/8 of the core; 
secondaries are 1/8 of the core's c ircumference. T 2 is a 1:1 quadrature coi l and consists of no. 32 
wire wound to fill a 57-1736 toroid. 

whose amplitude is determined by dy-
namic response of the thyristor. Pulse 
width is determined by the supply's 
dynamic resistance and the 2k resistor. 
This circuit is very good for 70-ampere-
peak, high-threshold emitting devices but 
is unsuitable for injection lasers. 

A 50 percent duty-cycle pulsed supply 
is shown in fig. 5. The heart of the circuit 
is an astable multivibrator. The supply 
puts out square pulses wi th a rise time of 

Lamp Manual No. 8270. I made changes 
to allow use of npn overlay transistors in 
place of the original pnp's. This circuit 
wi l l work between audio and video fre-
quencies. Shielding may be a problem 
when using the modulator wi th LED's. 

The modification shown on the right 
of fig. 6 is based on experiments by 
JA3HA for voice modulation. The LED 
on the right is forward biased to half max-
imum cw current value, wi th no modulat-
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ing signed present. A 500 H/ lone is then 
applied, and average forward current is 
increased to 2 amps. (The LED must be 
in a heat sink.) The 500 Hz source is then 
replaced with a speech amplifier. Voice 
peaks will not cause losing in ihe LED. 

U4Ai02 

-A 
_S ZZ -I/2V 
25dF . | 

—\<*V*._, i h 
too 

on 
• C0( 
-soov 

f i g . 8 . S i m p l e p h o t o d e t c c t o r for 
5 0 . M H 2 response. One or more photo 
transistors can be used, depending on the 
tuning m e t h o d . T h e pr imary of T 1 is 2 
turns, secondary is 7 turns on a Perma-
cor 5 7 - 6 0 7 5 toro id . 

quadrature detector 
A successful detector for output in the 

broadcast band is shown if fig. 7. The 
circuit is similar to a 1:1 balun, except 
that output is obtained at two ports from 

a single-port input. All three ports, if 
used, have a common ground. Ninety-
degree phasing exists between the two 
output ports, netting 180° as in a con-
ventional balun. Advantages are reason-
ably high gain, no neutralization, and 
limited bandwidth at the lower resonant 
frequencies. It also has low noise re-
sponse. 

The optical input to this detector con-
sisted of five G.E. L14A502's operating 
nonlinearily (rms response), connected in 
a matrix. 

detector for 50 MHz 
A simple circuit for one or two photo-

diodes is shown in fig. 8. Parallel instead 
of series tuning is suitable for one photo-
diode. With a junction capacitance of 2 
pF, it should be possible to tune as many 
as five photodiodes in parallel. In a 
series-tuned arrangement, 10 pF should 
allow response to perhaps 400 MHz. 

broad-area detector 
My most successful broad area detector 

used seven GE L14A502 photo transis-
tors connected as photodiodes (fig. 9). 
Component values were chosen to bring 
the response of the IC into the audio 
region. The surplus tape head shown in 

T h e 1 . 2 5 - w a t t L E D 
power supply . Th is sup-
ply runs qu i te ho t , a n d 
should have a 2 .5 -
ampere t rans former and 
2 . 5 - a m p e r e e p o x y recti-
fiers. Wake f ie ld 2 5 4 S I 
heat sinks are used for 
t h e as tab le mul t iv i -
brator transistors. 
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the schematic couples output into high-
impedance headphones. 

conclusions 

It is d i f f icu l t to pulse modulate LED 
light beams. Audio and video modulat ion 
is practical at 1000 feet or less; however, 
the l imit ing parameter is stray fields. An-
other factor is the requirement of ex-
pensive, high-voltage photomult ipl ier de-

tectors for ranges of the order of a mile. 
LED's used wi th optics allow narrow-

beam transmission, but optics alignment 
is very d i f f icu l t . 

Finally, common light sources have 
much greater spatial beam spread than 
LED's. However, ordinary 50,000-hour 
lamps can be replaced by LED's for per-
haps 25 years before the LED output de-
creases to half power. 

fig. 9. Improved broad-area detector using L 1 4 A 5 0 2 pho to transistors and an RCA CA3035 IC 
audio ampl i f ie r . Wi th this unit and an SSL-4 l ight source, I achieved a range of 250 feet. C I is seven 
.01 capacitors in parallel; R1 is seven 680-ohm resistors in parallel. T 1 is a surplus magnetic tape 
head. Capacitor C2 is f rom .01 to .033, depending upon desired audio response. 

Another view of the broad-area detector. references 
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It is not widely realized that there are 
certain variables in frequency modulation 
or fm that must be defined and standard-
ized before full compatibility is obtained 
between transmitting and receiving equip-
ment. In this article I will attempt to 
identify these variables, point out current 
standard practice and discuss how these 
standards affect transmitter and receiver 
circuitry. 

modulation level 
In amplitude modulation systems the 

modulation limit is related to carrier 
level. This limit is called 100 percent 
modulation. There is no such inherent 
limitation for fm systems. Any modula-
tion level, or deviation, may be trans-
mitted as long as the receiver bandwidth 
will accept it. 

Two standard receiver bandwidths are 
currently found in amateur practice. 
These bandwidths, as well as most of the 
other standards which we will discuss, 
stem from commercial practice—and the 
large amount of commercial fm equip-
ment used by amateurs. The most com-
mon bandwidth permits a deviation of 
±15 kHz; this referred to as wideband. 
Newer commercial equipment permits a 
deviation of only ±5 kHz; this referred 
to as narrowband. (Narrowband should 
not be confused with the nbfm permitted 
on the amateur bands below 30 MHz; 
nbfm is limited by regulation to ±3 kHz.) 

Narrowband may be copied on a wide-
band receiver with only a slight loss of 
audio, but wideband is not copyable on a 
narrowband receiver because of modula-
tion excursions out of the receiver pass-
band. When both types of equipment are 
in use, modulation levels are set for the 
narrower receivers. 
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FRET )UENCY MODUL ATI ON 

Nli 

& c t ^ L 

MODULATING FREQUENCY 

fig. 1. Modulat ing frequency dependence of 
f m and p m with constant audio input level. 

audio response characteristics 
Through use, "frequency modula t ion" 

has come to refer to any angular modula-
t ion system, either true fm or pm (phase 

A constant audio level applied to a 
frequency modulator wil l result in a 
certain frequency deviation which does 
not change w i t h the modulat ing frequen-
cy. However, a constant audio level ap-
plied to a phase modulator wil l only 
result in a constant peak phase shift. The 
frequency deviation depends on how ra-
pidly the phase shifts. Since the phase 
shift becomes more rapid as the modu-
lating frequency is increased, the frequen-
cy deviation of a phase-modulated trans-
mit ter is directly proport ional to the 
modulat ing frequency as shown in fig. 1. 

The result is that a pm signal detected 
in an fm discriminator wi l l have a 6 dB 
per octave rising audio characteristic. This 
can be overcome in one of two ways. If 
an RC network that wil l cause a 6-dB-per-
octave rolloff across the entire audio 
range is placed in the transmitter audio 

TRANSMITTER RECEIVER 

D - i 
AUDIO FREQUENCY 

HKXXJLATOR RF FM 
DISCRIMINATOR RF FM 
DISCRIMINATOR 

fig. 2. F r e q u e n c y modu la t ion and fm-equivalent systems. 

modulat ion) . A l though the dif ference be-
tween an f m and a p m modulator is 
k n o w n , it is not widely realized that the 
t w o systems result in an inherent differ-
ence in audio-response characteristics. 

(before the phase modulator) the trans-
mi t ted signal will be identical to a true fm 
signal (fig. 2B). T h e alternative is to place 
the same RC circuit after the f m discrimi-
nator in the receiver (fig. 3A). In this case 
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C H AUDIO 

D - AUDIO 

PHASE RF RF FM 
MODULATOR 

RF RF 
DISCRIMINATOR 

o 
FREQUENCY 

RF PF FM 
MODULATOR 

RF PF 
DISCRIMINATOR 

AUDIO 

J 

R 
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fig. 3. Phase m o d u l a t i o n and pm-equivalent system. 
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the system audio wi l l still have a net f lat 
response but the transmitted signal w i l l 
be pm. 

It is pm which is standard for commer-
c ia l 1 ' 2 and amateur use. For this reason, 
when a frequency modulator is used an 
RC network w i t h a 6-dB-per-octave rising 
characteristic is placed in the transmit 
audio circuit pr ior to the modulator (fig. 
3B). If steps are not taken to assure 
standardized audio response d i f ferent 
equipment combinat ions can result in 
either high- or low-pitched received audio 
w i th accompanying loss in inte l l ig ib i l i ty . 

The RC ro l lo f f network used in the 
above examples should have a t ime con-
stant of RC=530 microseconds for a 
low-frequency l im i t of 300 Hz. The rising 

AUDIO STAGE 

fig. 4 . M o d i f y i n g an a-m receiver to slope 
detect p m . C a p a c i t o r C and swi tch are a d d e d . 
S h u n t c i rcui t impedances are assumed to be 
high relat ive to R and are ignored in c o m p u t i n g 
R C . 

response RC network for use w i t h a 
frequency modulator should have a t ime 
constant of R'C , = :53 microseconds for a 
high-frequency l im i t of 3 kHz (R in 
ohms, C in farads). The closest standard 
component values may be used. 

An improvement in reception may be 
gained when slope detecting pm on an 

result. A shunt capacitor may be selected 
for the proper time constant (530 micro-
seconds may be used) in conjunction with 
an existing plate load resistor (see fig. 4). 
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300 ICCO 3CCO 
FREQUENCY (Hz) 

fig. 6 . Normalized response 
of t h e c i rcu i t of f ig. 5 . 

Provision should be made to switch the 
capacitor out for a-m reception. This 
arrangement is recommended for moni-
toring purposes only because of the infe-
rior reception provided by slope detec-
tion. Also, tunable receivers are discour-
aged for fm communications because 
they encourage poor operating practices. 

speech clipping 
Speech clipping is a useful method of 

maintaining high average deviation levels 
without going beyond the receiver band-
pass. It has previously been established 
that the system in use is phase modula-

fig. 5. Speech c l ipping for con-
stant m a x i m u m f r e q u e n c y devia-
t ion w i t h phase modulation. R'C' 
= 53 microseconds and R C = 5 3 0 
microseconds for 3 - d B points at 
3 0 0 and 3 0 0 0 H z . 

a-m receiver if audio ro l lof f is added as 
w i t h the fm discriminator. No t only wi l l 
the unnatural high pitched qual i ty be 
eliminated, some noise reduction will 

tion; since pm exhibits a different devia-
tion level for each modulating frequency 
it's obvious that fixed amplitude clipping 
by itself wiJJ not work unless it is made 
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•frequency dependent. This is normally 
done as shown in fig. 5 by preceding the 
clipper with a network with a 6-dB-per-
octave rising characteristic. This enables 

1 
i 

— 

! 

1 
1 

! i 

i 
H£i 

1 
300 WOO 

MODULATING FREQUENCY (Hz) 

fig. 7. Deviation character-
istics of the circuit of fig. S. 

the clipper to take a bigger bite of the 
higher frequencies. The clipper is fol-
lowed by a 6-db-per-octaverolloff network 
that restores the undipped audio 
to a flat response as shown in fig. 6. The 
net result is a pm signal clipped to a 
constant maximum frequency deviation. 

When the audio clipper is used with a 
frequency modulator rather than a phase 
modulator, network RC is left out but R 'C' 
is left in. The resulting signal is the same as 
pm limited to a constant maximum fre-
quency deviation. 

It should be noted that excessive 
clipping with this method will cause a 
noticeable loss of high audio frequencies. 
However, at normal clipping levels the 
spectral distribution of speech is such 
that little high-frequency clipping takes 
place, and the highs appear normal. This 
loss effect has beeo noted on many 
improperly adjusted repeaters around the 
country where the receiver is overdriving 
the clipper. Not only is excessive distor-
tion created by too much clipping, but 
further degradation of intelligibility is 
caused by the muffled highs. 

summary 
Despite the fact that fm is the general 

term applied to angular-modulated vhf 
and uhf work, the truth is that pm is the 
system in use from the point of view of 
system audio response. Audio compen-
sation must be used with fm modulators 
and detectors to maintain correct audio 
recovery for maximum intelligibility. 

Modulation levels are restricted only 
by receiver bandwidths (except on those 
lower frequencies where the FCC speci-
fies maximum bandwidths). Speech clip-
ping is almost universally used but special 
audio frequency processing is necessary in 
the transmitter to limit a pm signal to a 
constant maximum frequency deviation. 
Standard modulation levels are wideband 
(15-kHz deviation) and narrowband 
(5-kHz deviation). 

reference 

1. El A Standard RS-152A, "M in imum Stand-
ard for Land-Mobile Communications FM or 
PM Transmitters 25-470 Mc. . " Electronic In-
dustries Association, 1959, Section 6. 
2 . El A Standard RS-204, "M in imum Stand-
ards for Land-Mobile Communications FM or 
PM Receivers," Electronic Industries Associa-
tion, 1958, Section 11. 

ham radio 

' I ' l l betcha a steak dinner 
that he's not married." 

june 1970 19 



solid-state 

conversion 
of the 

gdo 

Circuits 

for modernizing 

your grid-dip 

osci l lator 

to obtain 

greater f lexibi l i ty 

and sensit ivity 

CO o 
o 
o> 

.2 "E L. 
o 

15 
O 
SB 

. U 

c o 

c TO 
CO 

oj" 
3 C 
<0 > 

< 
to c to 
c 
o 

in CO 
CM 

N 
< 
CD 

u 
O 
> 
o 

V 
9) 

Q. 

The grid-dip oscillator is one of the most 
useful items of test equipment to have 
around the ham station. T h e main short-
coming of most tube-type gdo's is their 
requirement for ac power. Th is is no 
problem at the workbench, but it's a 
definite limitation for portable or mobile 
work. A n y o n e who has used a gdo to 
tune an antenna knows what a chore it 
can be to run an ac power extension line 
up a tower not to mention the safety 
hazard. 

Today 's catalogues offer a selection of 
solid-state "dippers" in an attractive price 
range. They have the advantage of being 
usable anywhere. If you already have an 
older gdo, you may have considered 
trading it in for one of the comtemporary 
models, or maybe even building a solid-
state unit from scratch. 

A simpler and much cheaper solution is 
to convert your tube gdo to a solid-state 
circuit. If you're reluctant about tearing 
into a commercially built unit or kit 
don't be. T h e conversion task is simple, 
painless, and can be done in an evening. 
T h e result will give you the performance 
and flexibil ity of the latest models at a 
fraction of the cost. 

the tuned circuit 
Before you reach for the soldering 

iron, inspect your tube type gdo's schema-
tic. The tuned circuit will influence your 
decision on the solid-state circuit to use. 
You ' l l want to keep the tuned circuit 
intact as well as the dial calibration. Thus, 
you won't have lo change your plug-in 
coils. 

T h e gdo is nothing more than a simple 
oscillator. In tube types, the rectified grid 
current is measured on a meter to indi 
cate a " d i p " when power is absorbed 
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from a nearby resonant circuit. Solid-
state devices don' t have grids, or course, 
so an indication on a solid-state gdo's 
meter is obtained from the oscillator's 
rectified output. The basic operating prin-
ciple is the same in both circuits. 

Common tuned tank circuits used in 

TUNING 
CAPACITOR 
FRAME 
GROUNDED 

fig. 1. Typica l tuned circuits used in gdo's. 
Split-capacitor tank is shown in A ; parallel 
grounded and parallel ungrounded versions in B 
and C. 

commercially bui l t gdo's are shown in fig. 
1. Your schematic wi l l show if your unit 
has a split-capacitor, parallel-grounded, or 
parallel-ungrounded tank. This wi l l deter-
mine the type of solid state circuit you 

might t ry it. Your final decision wil l 
probably be based on what's on hand. 

npn or pnp circuit 

An npn transistor circuit I used in 
converting a Heath model GD-1B, which 
has a split-stator tank, is shown in fig. 2. 
This circuit worked well w i th many tran-
sistors, including the 2N2926 and 2N706, 
up to 200 MHz. 

A pnp transistor may be used in the 
same circuit if you reverse the battery 
polarity. In both cases oscillator output 
was more stable than in the original tube 
circuit. Less frequent adjustment of the 
sensitivity control was required during 
measurements. 

common-base circuit 
If your tube gdo has an ungrounded 

parallel tank, the common-base circuit 
shown on page 442 of the RCA Tran-
sistor Manual, Series SC-12 (reproduced 
in fig. 3 is suitable. 

fet oscillator 

The circuit ) finally used to convert my 
Heath GD 1B is shown in fig. 4. Advan-

DETECTOR / METER 
CIRCUIT 

fig. 2. Solid-state gdo w i th 
split-stator tank. A pnp 
transistor could also be 
used by reversing battery 
polarity. 

can use. 
For the solid-state device, you have a 

choice of a bipolar transistor, fet, uni-
junction transistor, or tunnel diode. Al l 
give good performance w i th minor varia-
tions. For simplicity, only the first two 
are considered. However, if you have a 
favorite unijunction-diode circuit you 

tages ovet the circuit in fig. 2 are fewer 
components and greater sensitivity in 
obtaining a dip. This circuit requires a 
higher voltage supply, however. I used 
two 9-volt transistor batteries in series to 
obtain full-scale meter deflection over the 
instrument's range. 

Since it is impractical to illustrate all 
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the applicable circuits for gdo conversion, 
I've included a list of articles in the 
references that should contain circuits 
you can use. 

c o n s t r u c t i o n 
After you've selected a suitable circuit, 

but don't do this until all other compo-
nents are mounted. 

After assembling and wiring the com-
ponents, temporarily attach the transistor 
leads to the flea clips without soldering. 
This allows preliminary checkout. 

The photograph shows how the tran-

5pF 

fig. 3. Common-base 
gdo circuit reproduced 
from the R C A Transis-
tor Manual. 

•0 + 
0.5V WM VS304 

OR EQUIVALENTI 
O-

NOTE X = JUMPER USED FOR FREQUENCIES OVER 43 MHr 

you're ready to start construction. 
Remove all the original oscillator and 
power-supply components (if any) and 
their wiring. Don't remove the tuning 
capacitor, coil socket, meter, or sensi 
tivity control. Take care not to disturb 
the wiring between the tuning capacitor 
and coil socket. 

The logical spot for the transistor is 
that vacated by the tube. You can mount 
a transistor socket on an adapter plate 
placed over the tube-socket hole. If you 
don't like transistor sockets, cut and drill 
a small piece of perforated board and 
mount it over the tube-socket hole. Flea 
clips inserted in the board will allow 
permanent soldering of the transistor— 

sistor was mounted in the Heathkit 
GD-1B. The socket mounting tabs were 
soldered directly to the copper-plated 
bracket that originally held the tube. 
Component leads must be kept short, 
particularly thoses connected directly to 
the transistor and the tuned circuit. 

Small-value capacitors should be high-
grade silver mica. Bypass capacitors should 
be ceramic, not paper, to avoid stray 
resonances in the oscillator. Al l resistors 
are composition type, % or V2 watt. 

The battery may be mounted in the 
space previously occupied by the power 
supply, using an appropriate bracket for 
the type of battery suited to your voltage 
and space requirements. Be sure to wire 

fig. 4. Grid-dip oscillator 
using an fet. This circuit 
provides greater sensitivity 
with less coupling because of 
fet's high input impedance. 

k 20V 

m rh 
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the battery connector w i th the correct 
polarity for npn or pnp transistors. 

In the circuits shown in fig. 2 and 4 the 
sensitivity control is a 250k, linear-taper 
potentiometer. If your gdo uses a lower 
value, I suggest replacing it with a 250k 
potentiometer and an spst switch to 
control battery power. 

TO LOWER TO INCREASE 
FREQUENCY FREQUENCY 

© o 
fig. 5. Methods for adjusting gdo 
coils for calibration correction. 

checkout 
After wiring and carefully checking the 

circuit, install the battery and transistor. 
Plug in a coil, apply power, and turn up 
the sensitivity control. It you don't get a 
meter reading, the circuit isn't oscillating 
or you forgot to use a heat sink when 
soldering the diode rectifier. 

Assuming you obtain a reading, in-
crease the control for full-scale meter 
indication and tune the capacitor from 
minimum to maximum to check for 
full-scale readings over the entire range. 
Repeat this for each coil. If any false dips 
are noted without the coil coupled to 
another circuit, you have a "built-in" 
resonance. Most likely this will occur on 
the higher-frequency coils (40 to 200 
MHz) if lead lengths are too long or if 
nonresonant bypass capacitors were used. 

calibration 

Finally, check the dial calibration by 
beating the oscillator against a good 
communications receiver. Calibration 
may be a bit off if stray capacitances of 

the new circuit vary from the original. 
While most dippers are only approxi-
mately calibrate, you'll want to maintain 
reasonably accurate calibration. Loosen-
ing the dial-locking screw and readjusting 
its position relative to the tuning capaci-
tor will take care of most cases. However, 
if the calibration error exceeds this 
method of correction, or if the error 
occurs only on certain coils, the following 
tips will help. 

Sliding a one-half inch strip of alu-
minum foil over two or three turns of the 
coil will lower its frequency. Conversely, 
a single shorted turn of wire placed 
around the form will increase the coil's 
frequency as you slide it toward the coil. 
Fig. 5 illustrates these methods. After 
calibration has been adjusted, the shorted 
turn or foil strip may be permanently 
cemented in place. 

references 
1. L. G. McCoy, W1ICP, " A Field-Effect Trans-
istor Dipper", QST, February, 1968. 
2. Calvin Sondergoth, W9ZTK, "Transistor 
Oscillators," 73, March, 1969. 
3. J . R. Fisk, W1DTY, "Designing Transistor 
Oscillators," 73, August, 1969. 

i 4. "Transistor Oscillators," The Radio A-
mateur's Handbook, A R R L Staff. 1968, Chapt-
er 4, p. 87. 
5. Rufus P. Turner, "How To Use Grid-Dip 
Oscillators," John F. Rider, Inc., New York, 
N. Y., 1960. 
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Many amateurs like to use an audio filter 
to improve selectivity when receiving cw 
signals. Such a filter requires no internal 
modifications to a receiver, and the filter 
can be switched in or out of the circuit as 
desired. However, when using an audio 
filter you must accept the fact that the 
cw signals will have the same tone. This 
can become tiresome over a long period, 
because the audio tone has no harmonic 
content to provide a more pleasing music-
al quality. 

An audio filter should have sharp 
response to be effective. Really sharp 
audio filters within the useful audio-
frequency range are expensive, except for 
some surplus types such as the FL-8. 
Also, since filter response must be in the 
800-1400 Hz range, many good bargains 
in very sharp filters, such as the teletype 
units, must be disregarded. 

the audio keyer 
An audio keyer has been the classic 

solution to the problems of (a) varying 
the tone frequency of the audio se/ective 
device and (b) allowing the use of filters 
of almost any audio frequency. The keyer 
operates as follows. 

Receiver audio is passed through an 
audio filter whose output activates a 
keyer circuit. The keyer circuit switches 
the output of an audio oscillator at the 
same speed as the received signals. The 
audio oscillator tone can be varied with-
out affecting the received signal. 

Several audio-activated keyers using 
vacuum tubes have been described. Un-
fortunately, because of the components 
then available, these keyers were quite 
bulky (almost the same size as some 
complete receivers) and expensive. Al-
though their advantages were recognized, 
it's doubtful if many amateurs attempted 
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to build them. 
Simple integrated circuits now avail-

able allow an audio-activated keyer to be 
constructed very compactly and inexpen-
sively. In fact, an audio keyer can be 
made to fit inside the spare space in many 
audio filter enclosures. The IC keyer to 
be described doesn't have all the refine-
ments of the vacuum-tube unit, but it 
satisfies most operational needs. 

stage.) The squarer stage output is fed 
into an enable gate, which controls the 
audio oscillator signal to the audio ampli-
fier. When a square wave is present at the 
squarer output, the audio oscillator signal 
is gated to the audio amplifier. Thus, the 
audio oscillator follows input-signal key-
ing to the audio filter. 

Noise can also activate the stages, so a 
level control for the squarer is included. 

AUDIO 

fig. 1. Schematic of the frequency translator-keyer. A , using Fairchi ld ,uL914 IC's. T h e m L 9 1 4 
internal circuit is shown in B. 

circuit functions 
Fig. 2 is a block diagram of an IC 

frequency translator-keyer. The circuit 
differs slightly from the vacuum tube 
concept. Whereas the tube unit uses relay 
driver stages and relays for control, the IC 
keyer employs a wave shaper and a gating 
circuit. 

The block functions are as follows: the 
squarer stage accepts the output of the 
audio filter, which is fed from the receiv-
er audio output. The squarer converts the 
filter's sine-wave output into a square 
wave of the same frequency. (The squarer 
may be considered as a hard limiter 

The time constants for coupling to the 
stage can be chosen to further increase 
noise immunity. A bypass switch is in-
cluded to disable the keyer when scan-
ning a band. It's easier to find signals 
without audio selectivity; also false trig-
gering from noise and interference is 
avoided. 

Audio filters have rather high attenua-
tion, so the audio signal should be taken 
from the receiver speaker terminals rather 
than from the headphone jack. A trans-
former may or may not be required to 
match the audio filter input, depending 
on its impedance. The filter can peak at 
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almost any frequency as far as the keyer 
circuit is concerned. However, because of 
the restricted i-f, bfo and af response of 
most receivers, it's advisable to choose an 
audio filter in the 300- to 400-Hz range. 
This range is broad enough to include 
most audio and teletype filters described 
in amateur publications. 

circuit description 
Fig. 1 shows the keyer circuit using 

three juL914 IC's. Design has been kept as 
simple as possible. The input unit, IC1, is 
the sine-to-square wave converter. The 

tors in electronic keyers. The components 
shown will provide a fundamental signal, 
high in harmonic content, of about 1 
kHz. The resistors can be replaced by a 
dual 20 kilohm or 50 kilohm potentio-
meter if a variable tone is desired. This is 
especially recommended for those who 
like to change the receiver bfo pitch when 
receiving signals without an audio filter. 

IC2's output is at a very low level. In 
general, it can be only directly coupled 
and used with sensitive headphones. No 
additional audio amplifier circuits are 
shown, as individual circumstances will 

AUDIO ENABLE AUDIO I 
OSCILLATOR SATE AMPLIFIER | 

RECEIVER 
AUDIO 

OUTPUT 
O 

fig. 2. Block diagram 
of the IC frequency 
trarislator-keyer. TUNE O 

input level potentiometer is shown as 100 
ohms, but its value should be close to the 
audio filter output impedance. The cou-
pling capacitor from the potentiometer 
arm to terminal 1 of IC1 was chosen to 
provide optimum performance and to 
avoid false triggering on noise. 

IC2 is the enable gate. If the internal 
connections of IC2 are followed (fig, 2A), 
it will be seen that when terminal 3 is at a 
positive level, the transistor associated 
with this terminal switches its collector to 
near ground potential. This places the 
emitter-collector resistance of the transis-
tor associated with terminal 2 at a high 
level, which allows signal flow from ter-
minal 1 to 7. When terminal 3 is not 
positive, the base-emitter forward bias on 
the transistor associated with terminal 2 
rises to about the same value as the 
supply voltage, and terminal 7 is shorted 
to ground. 

IC3 is a simple multivibrator audio 
oscillator similar to those used as moni-

dictate what is necessary. Any phone-
type transistor amplifier can be used to 
boost the output of IC2. 

construction 
There's nothing critical about the 

construction or wiring. Leads should be 
kept reasonably short, and the wires to 
terminals 3 and 7 of IC2 should be 
separated from each other and from the 
connection to terminal 1. 

The circuit of fig. 1 is mounted on a 
vector board. Sockets aren't used. The 
/xl_914 IC's are soldered in place. 

Supply voltage of 3-3.5 volts can be 
obtained from either two size-C cells in 
series or from a well-filtered (minimum 
1,000 juF output capacitance) source 
within the receiver. 

operation 
Tuning is done with the audio filter 

and keyer out of the circuit. When a 
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desired station is found, the mode switch 
is set for the audio filter output (peak 
position), and the receiver bfo is varied to 
peak the signal within the audio filter 
passband. Then the keyer output is 
chosen, and the audio oscillator frequen-
cy is varied to obtain the desired tone. 

With some practice, varying receiver 
audio output level and keyer input level 
will reduce the effects of false triggering. 
However, if good noise immunity can't be 
obtained, even when using a noise limiter, 
the input stage (101) can be converted to 
a Schmitt trigger as shown in fig. 3. 

f J-J5V0C 

AUOlO INPUT 
FRCM niJER 

o INS4, 
INS70 

fig. 3. S c h m i t t trigger circuit modif icat ion for 
the IC1 stage of fig. 1A involves only a simple 
bias change at terminal 1. T h e diode may also 
improve operation. 

U n l i k e t h e s imp le squarer circuit, 
which reacts to low-level signals, the 
Schmitt trigger will produce an output 
signal only when the input level exceeds a 
certain value. Thus, selection is provided 
against low-level noise (low in the sense 
of being some value less than the trigger-
ing level). The output signal will drop to 
zero only when the input signal falls 
below the triggering level. 

The Schmitt trigger circuit should be 
used only when the noise can't be han-
dled by the simple squarer circuit. Also, 
the Schmitt trigger should be used with 
cw age, since large variations in audio 
output level between cw characters can 
cause the trigger to lock on or off faster 
than the keyer input-level control can be 
adjusted. 
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Devices for detecting electromagnetic 
energy have been around since the early 
1900's, These include the early electro-
lytic detector, carbon coherer, Fleming 
valve, and galena-catwhisker combination. 
Detectors similar to the latter are still in 
use. Modern materials and packaging, 
however, have improved their perfor-
mance and reliability. 

In this article I'll discuss various detec-
tors and compare their advantages and 
disadvantages as applied to rf power 
measurement at amateur frequencies. 

basic detectors 
Two types of detector are in common 

use. The first depends on unidirectional 
resistance between elements. This type 
includes all semiconductor diodes and 
their vacuum-tube counterparts. The 
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second type changes resistance when it 
absorbs rf energy. Examples of this detec-
tor are bolometers, barretters, and therm-
istors. 

Both detector types have many appli-
cations in detection and demodulation of 
rf energy. 

definitions 
Many take for granted that detection 

and demodulation are one and the same 
thing. This is not the case. Radio-
frequency energy doesn't have to carry 
modulated intelligence to be detected. An 
example is the simple diode wavemeter, 
which has an indicator that reveals the 
presence of an unmodulated rf carrier. 

demodulation 
Demodulation is a byproduct of the 

detection process. Demodulation trans 
lates modulated intelligence, riding on the 
detected carrier, into a form that can be 
displayed aurally or visually. An example 
of demodulation is when an rf carrier, 
modulated by a 1-kHz tone, appears as a 
1-kHz voltage at the detector's output. 

Common diode detectors are used to 
convert rf energy to dc voltages and 
modulated rf energy to ac voltages that 
can be measured with orginary test equip-
ment. Thus, rf voltages, current, or power 
can be quantified by using rf detectors 
and the proper readout device. 

the diode detector 
Diode detectors have characteristics 

that affect their accuracy in rf-measuring 
applications. An understanding of their 
drawbacks as well as their advantages is 
essential to using them effectively. 

Diodes have a high impedance between 
their elements when reverse biased, 
fig. 1 A , and a low impedance when biased 
in the forward direction, fig. 1B. This 
resistance characteristic allows the cur-
rent to flow in only one direction, result-
ing in dc pulses flowing in the load. 

The resistance characteristic is non-
linear. It obeys a square-law function, 
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which occurs when the diode's output is 
proportional to the square of the input 
(assuming constant input impedance for a 
given range of input levels). 

equivalent circuit 
Another characteristic is that the resist-

ance is directly proportional to the power 
dissipated. The square-law characteristic 
is due to the physical properties of the 
junction, fig. 2. In this circuit, C is 
the barrier capacitance due to charge 
storage in the barrier region. R represents 
the nonlinear barrier resistance, which is 
about 5k ohms at low current levels and 

N 

H L 
- " A A A — 

" l 
- V W -

fig. 1. Reverse- and fo rward -b iased d i o d e juno-
t ions. M e t e r response is a f u n c t i o n of d i o d e 
j u n c t i o n resistance, w h i c h is high w h e n reverse 
biased, A , and l o w w h e n f o r w a r d biased, B. 

falls rapidly wi th increasing current. The 
barrier-spreading resistance, r, is due to 
the construction of current paths in the 
barrier region. Its value wi l l be as high as 
50 ohms in point-contact diodes, decreas-
ing to tenths of an ohm in diffused-
junction types. 

measurement errors 

Most power and vswr meters are cali-
brated in terms of the square-law func-
tion. However, if too much power is 
applied to the diode, a readout error can 
result. 

The diode's square-law region is typi-
cally limited to input levels between 0.25 
and 1 mW. Above 1 mW, the diode's 
output wi l l deviate in excess of 10 per-
cent from the square-law response. In 
terms of dB error, 

E= 10 log (1 + d) 

where E is the error in dB and D (100) is 

the percent deviation from the square-law 
function. 

Crystal diode sensitivities of the order 
of 5k / iV/mW are readily obtained at 
frequencies below 1 GHz. By proper 
choice of detector toad resistance, the 
square-law range (5 percent deviation-
error band) can be optimized to allow 
power ration (attenuation) measurements 
over a range of 36-38 dB with errors of 
the order of 0.2 dB, If the diode is 
overdriven, errors of 1 dB or more can 
occur. This is a considerable error at 
microwave frequencies in some appli-
cations. 

bolometers 
These detectors (fig. 3) use fine plati-

num wires (known as Wollaston wires) as 
active elements. The active elements are 
small compared to a wavelength at the 
measurement frequency. Their changes in 
resistance, however, are sufficiently large 
for accurate measurements wi th small 
changes in input power. 

Bolometers are used wi th a specific 
"bias" current, which activates a bridge 
circuit. Typically, a bolometer presents 
200 ohms to the bridge, although this 
may range from 50 to 400 ohms. The 
bolometer generally presents a 50-ohm 
resistance to its input. Excitation currents 
are of the order of 4.5 to 4.7 mA. A 
simplified bridge circuit is shown in fig. 4. 

sensitivity 

Bolometers are less sensitive than di-
odes. Normal sensitivities range from 4 to 

Hf-

U 

fig. 2 . E q u i v a l e n t c i rcui t of fo rward -b iased 
semi -conductor d i o d e j u n c t i o n . F u n c t i o n s of 
c i rcu i t constants are discussed in the tex t . 

10 ohms per mW of rf, depending on 
the temperature coefficient of the re-
sistive elements. In terms of voltage, this 
works out to about 21 juV/mW, 

Bolometers are preferable to diodes 
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when overdriving and burnout is a prob-
lem. A t powers over 1 mW, bolometers 
deviate about 10 percent from square-law 
response due to convective cooling of the 
resistance element. However, this devia-
t ion is nearly linear wi th power level and 
is easily compensated in measurements. 

This deviation from square-law re-
sponse falls to less than 2 percent at 200 
mW; thus bolometers can be used for 
relative power and attenuation measure-
ments over a 53-dB range w i th less than 
0.2-dB error (5 percent square-law devia-
tion). This is approximately 15 dB more 
power range than is available wi th diodes. 

The dynamic range numbers (dB) are 
given on the assumption that signal-to-
noise ratios are at least 10, which is an 
acceptable value for accurate results wi th 
most instruments. 

Unlike diodes, bolometers are not 
affected by overload up to about 32 mW, 
including 15 mW bias power. 

barretters 
Barretters are a type of bolometer 

employing a single Wollaston wire ele-
ment, fig. 5. Usually they're used as shunt 
elements, fig. 6, and are packaged to 
replace crystals in applications where 
wider measurement range and greater 
power-handling capability are desired, 
and where a decrease in sensitivity can be 
tolerated. 

fig. 4. S impl i f ied bolometer 
or thermistor bridge circuit. 

SERIES COUPLING 
CAPACITOR 

SHUNT BYPASS 
CAPACITOR 

MICA OR CERAMIC 
SUBSTRATE 

DC BIAS INPUT ANO 
BRIDGE SIGNAL INPUT 

m 

m. t)2 • IOO OHM WALLAS TUN WIRE OR 
METAL-FILM RESISTOR ELEMENTS 

fig. 3. Schematic, B, and physical representa-
tion, A , of bolometer . Input resistance is 50 
ohms nonreactive; bias input to bridge is 
typical ly 2 0 0 ohms. 

thermistor detector 
A thermistor is another important rf 

detector. Thermistors are resistance ele-
ments made from one of several metallic 
oxides such as oxide of manganese, 
nickel, t i tanium and zinc. A l l exhibit a 
negative temperature coefficient. The 
slope of resistance versus temperature of 
thermistors is much greater than that of 
bolometers. Thus, thermisiors have im-
proved sensitivities that range f rom 50 to 
100 juV/mW of rf input. 

Like bolometers, thermistors require a 
bias current. This is usually adjusted to 
provide a "zero power" resistance of 100 
to 200 ohms. Thermistors also have a 
large overload capability and the widest 
dynamic range of all the rf detectors. This 
makes them ideally suited for accurate, 
steady-state power measurements. How-
ever, thermistors have disadvantages that 
l imit their applicability. The prime limita-
tion is their relatively slow time constant. 
Ranging between 1 and 3 seconds, it 
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prevents the thermistor from measuring 
peak pulsed or peak ssb power. Addition-
ally, audio-frequency modulated signals 
can't be demodulated with a thermistor, 
as its resistance changes too slowly to 
follow an audio signal. Another dis-
advantage is its sensitivity to ambient 
temperature changes. This tends to make 
long-term stability a serious problem. 
Most thermistor rf detectors use dual 
elements that tend to compensate each 
other for drift. 

FUSE STUD MOUNT 

o 

MICROWAVE DIODE 
INSl CASE 

_r 
WAVEGUIDE (PAD) 

o 
METALLIC-OXIDE 

' MATERIAL 

GLASS OR 
CERAMIC DISC 
SUBSTRATE 

.001" LEADS 

MICROWAVE COAXIAL 
DIODE 

THERMISTOR 

0 
fig. 5. Packaging of barretters and thermistors. 
A, B and C use Wollaston-wire elements. 

balance measurement system is usually 
employed. Usually a variation of the 
Wheatstone bridge provides high accuracy 
especially at low power levels. Tempera-
ture stability and dynamic range are a 
problem with these units. Many techniques 
have been imployed to eliminate these 
problems. 
self-balanced bridge 

Practical measurement bridges differ 
from the simple Wheatstone circuit of fig. 
4. Usually some sort of a "self- balanc-
ing" circuit is employed. 1 Shown in fig. 
7, the self-balancing bridge is direct read-
ing and is much less sensitive to ambient 
temperature variations. With the proper 
bias adjustments, it can be used with all 
types of bolometer, barretter and ther-
mistor detectors for input powers up to 
100 mW depending on the type of de-
tector employed. In the self-balancing 
circuit, the Wheatstone bridge forms a 
coupling network in the feedback loop of 
a high-gain audio amplifier. The resulting 
audio oscillator automatically adjusts its 
output voltage to maintain a balanced 
condition in the bridge network. When 

Unlike diodes and bolometers, therm-
istors are insensitive to overload and can 
be exposed to fairly high-level rf inputs 
for short periods without damage. The 
output characteristic of thermistors, 
although opposite in polarity, is similar in 
slope to the curve of bolometers and will 
permit a measurement range from 
approximately 50/uW to 5 mW. 

rf detector readouts 
In many amateur applications, only a 

relative indication of rf power is needed. 
This requires only a milliammeter and a 
potentiometer for a sensitivity adjustment. 
In many other applications such as meas-
uring transmitter efficiency, antenna gain, 
feedline or filter losses, or low level 
injection powers, it's desirable or even 
necessary to get a quantitative figure in 
watts or dB. In these cases more sophisti-
cated circuitry must be employed. For 
best accuracy and repeatability, the null-

BIAS AND 
RF INPUT BRIDGE INPUT 

fig. 6. Barretter or thermistor mount c i r cu i t . 

the bridge is unbalanced by an rf input, 
an equal amount of audio power is 
removed from the bridge, restoring bal-
ance. This is read out in terms of voltage 
by the audio voltmeter (fig. 7) whose 
scale is calibrated directly in terms of rf 
power. 

attenuators and filters 
The power range of all detectors may, 

of course, be greatly extended by cali-
brated attenuators2 and directional cou-
plers.3 Most ham-type swr bridges use 
a crude form of directional coupler to 
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sample relative rf power on a transmission 
line. Where fairly accurate results are 
desired, precision couplers are employed, 
sometimes with calibrated attenuators 
when even more power reduction is re-
quired. For amateur use, attenuators can 
be made from carbon composition resis-
tors or from calibrated lengths of 
RG-58/U coax (at vhf). 

Measurement errors due to improper 
detector use are varied. Some are of litt le 

frequency. 
When measuring output power from 

sources containing harmonics, some type 
of selective filter with a calibrated inser-
tion loss should be used to reject the 
unwanted power before it reaches the 
detector. 

Representative filters are described in 
the references. Further details on rf pow-
er detectors are contained in Henney's 
"Radio Engineering Handbook," 1959 

fig. 7. Set f -ba lanc ing br idge a n d p o w e r meter . T h i s c i r cu i t is m u c h less sensitive to t e m p e r a t u r e 

changes than the s imp le Wheats tone br idge. 

significance in amateur applications. For 
amateurs, most problems result from 
gross overdrive of the detector. This 
results in destruction of the unit through 
burnout, or a serious departure from the 
idealized square-law output curve with a 
resultant measurement error. Errors due 
to this can be reduced by using attenua-
tors and by knowing the input parameters 
of the detector. 

Another common error resulting in 
amateur rf detector applications is also of 
importance. All rf detectors described in 
this article are untuned; that is, they have 
no inherent selectivity and will accept 
power over a wide frequency range. 
Therefore, when measuring power sources 
with high harmonic content, the detector 
will sum the power in the desired fre-
quency as well as that in its harmonics. 
This results in nonexistent and colossal 
"efficiency." What's worse, it can cause 
operation on an undesired or spurious 

edition. 
I hope this discussion wil l provide a 

better understanding of this basic meas-
urement tool and encourage its use in 
amateur applications. 
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Phase-shift networks in amateur phasing-
type exciters consist of passive elements 
arranged to produce two equal-amplitude 
signals in phase quadrature. Two net-
works are required: one operates at audio 
and the other at radio frequency. 

The rf network operates at a single 
frequency, whereas the af network must 
pass a band of voice frequencies. The rf 
network is fairly simple to adjust, but the 
af network is more critical as to construc-
t ion and adjustment. This applies not 
only to the network, but to its associated 
circuits as well. 

theory 
Two popular audio networks are an-

alyzed: Norgaard and Dome. Design-
center conditions are considered first. 
Then network errors are discussed in 
terms of their effect on carrier suppres-
sion in a practical system. A brief treat-
ment of the rf phase-shift network is also 
given. 

Four areas are considered: 

1. The ideal case. 
2. Network phase errors. 
3. Network amplitude errors. 
4. The general case (combined effects 
of phase and amplitude errors. 

ideal case 
A lower-sideband signal, for example, 

requires a voltage of the form 
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Vo = A cos (coc — com}t (1) 

where 
Vo is the lower-sideband voltage 
A is the signal amplitude 
coc is the carrier frequency (to = 2?rf) 
com is the audio-signal frequency 
Two networks are required to produce 

this voltage, one each for the audio and 
carrier frequency. Each network has two 

outputs whose phase difference is 90°; 
thus four signals are produced: 

a. V1 = A sin (com t) (2) 

b. V2 - A sin (com t + it 12) (3) 

c. V3 = B sin (coc t) (4) 

d. V4 = B sin (coc t + TT/2) <5) 

where A and B are amplitudes of the 

PHASE ERROR (DEGREES) AMPLITUDE RATIO (Vo / V 2 J 

fig. T. Sideband suppression as a function of phase error, A, and amplitude unbalance, B, assuming 
ideal conditions. For 30-dB attenuation, errors must not exceed ±3.6° and 6.5 percent respectively. 

The phasing system of producing ssb signals 
hasn't been too popular. As the author points 
out, the audio networks are tricky to adjust and 
the degree of sideband suppression depends on 
how well the networks are designed to limit 
phase and amplitude errors, 

Phase-shift network theory is presented here 
in terms of system equations. Realizing that 
mathematical articles don't appeal to many 
readers, I feel this one is appropriate because of 
the renewed interest in phase-shift techniques 
for direct-conversion receivers. The phasing 
method is also interesting for vhf ssb work. This 
article presents essential data for those wishing 
to avoid the pitfalls associated with phasing 
networks. With an understanding of their basic 
concepts, the networks can be tailored to 
produce quite acceptable results. 

Although not included because of space 
limitations, an appendix accompanying the 
manuscript derives the equations in the text. 
Interested readers may obtain a copy from ham 
radio for $1.00. editor 

audio and carrier signals respectively. 
If signals a and c are applied to the 

input of one balanced modulator, the 
modulator's output will be of the form 

Va = 
A 
— [cos (ooc - com)t — cos (coc + com)t] (6) 

Similarly, if signals b and c are applied to 
another balanced modulator, its output 
will be 

Vb = 

A 
- [cos (coc - com)t + cos (coc + com)t] (7) 
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At the output of each balanced modu-
lator is a signal that contains components 
of both upper and lower sidebands (the 
carrier has, in both cases, been balanced 
in the modulators). 

The outputs of the two balanced 
modulators are combined: 

Vo - Va + Vb = A cos (cue - wm)t (8) 

The upper sideband has now been 
cancelled leaving only the desired lower-
sideband signal. 

phase errors 
In the previous discussion it was as-

sumed that each network shifted the 
phase through precisely 90°. This can't 
be done in practical networks, so phase 
error terms and 6 must be introduced 
into equation (3) and (5) to account for 
this. It can be shown that the lower and 
upper sideband amplitudes will then be-
come A cos (0 - 0)12 and A sin (0 + 6)12 
respectively. That is, an unwanted upper 
sideband has been generated whose ampli-
tude is a function of the sum of the phase 
errors of the two networks. The un-
wanted sideband can be eliminated if the 
phase errors are exactly equal in magni-
tude but of opposite sign. In practice, this 
can't be obtained over the frequency 
range in which the networks must oper-
ate. 

Note that, if the rf network has no 
phase error, 6 becomes zero, and the 
amplitudes of the two sidebands reduce 
to A cos (0/2) and A sin (6/2). 

Defining the sideband suppression, S, 
as the ratio (in dB) of the lower-to-upper 
sideband, 

S ( indB) = 20 log1Q cot0/2 (9) 

This is plotted in fig. 1A. Taking the 
minimum acceptable value of suppression 
as 30 dB, the maximum phase error that 
can be tolerated is of the order of ±3.6°. 
This assumes, however, that the rest of 
the system is perfect. In practice this 
number must be reduced. 

amplitude unbalance 
In eqs. 2 and through 5, it was 

assumed that the af quadrature signals 

were of equal amplitude. A, and the two 
rf signals were of equal amplitude, B. 
Again, in practice, this condition won't 
be met exactly, thus requiring a further 
change to the four equations. T o simplify 
matters, however, assume that the rf 
network can be adjusted to produce two 
equal-amplitude signals, and the two out-
puts are of magnitudes A and nA, where 
n is approximately unity. 

An unwanted upper sideband is again 
generated which is of amplitude A/2 (n — 
1). Its suppression is 

S ( indB) - 2 0 l o g 1 0 (n + l)/(n - 1) (10) 
This dependence of sideband suppres-

sion on the value of n is shown in fig. IB. 
As n approaches unity, the suppression 
tends to infinity; and to satisfy the 
limiting condition of 30 dB, n must be 
between 0.935 and 1.065. That is, the 
amplitudes of the two audio signals must 
not differ by more than 6.5 percent. 

general case 
Up to this point we've examined sepa-

rately the effects of phase errors and 
amplitude unbalance in the network out-

AMPUTUDE RATIO tV0/Vz) 

fig. 2. Combined effects of network amplitude 
and phase errors. Errors must lie within shaded 
area for acceptable sideband suppression. 

puts. To illustrate w.hat happens in the 
general case, these, effects must be com-
bined. In this case, the sideband suppres-
sion is 
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S (in dB) = 

«« . 1 + n 2 + 2n cosrf) ,„„. 
1 0 l o g 1 0 r (11) 

1 + n 2 — 2n cos0 

From this equation the curves of fig. 2 
are plotted: the suppression may be read 
directly once the phase error and ampli-
tude unbalance are known. The curve 
corresponding to the suppression limit of 
30 dB is shaded; for acceptable operation, 
the audio phase-shift networks errors 
must not lie outside this area at any 

2. Overcome the insertion loss of the 
audio phase-shift network which fol-
lows it. 

3. Tailor the frequency response so 
that frequencies outside the range of 
300 to 3000 Hz are attenuated. 

The first two requirements are easily 
met if usual precautions are taken to 
minimize distortion. For the third re-
quirement, filtering must be used in the 
preamplifier because the signals presented 
to the phase shift network must be re-
stricted to the frequency range men-

pas TPHASING 
AJDIO 

AMPLIFIER 

AUDIO 
PREAMPLIFIER 

um AF 
PHASE- SHIFT 

NETWORK 

AUDIO 
PREAMPLIFIER 

um AF 
PHASE- SHIFT 

NETWORK 

AUDIO 
PREAMPLIFIER 

AF 
PHASE- SHIFT 

NETWORK 

AUDIO 
PREAMPLIFIER 

AF 
PHASE- SHIFT 

NETWORK 

fig. 3. Typica l phasirtg-type ssb exciter. 

frequency. For example, a phase error of 
±3.6° is acceptable only with perfect 
amplitude balance (points X); if the 
amplitudes differ by, say, 5 percent, the 
phase error can't exceed ±2.2° (points 
Y>. 

From the foregoing we can consider 
the requirements of an ssb phasing ex-
citer, a block diagram of which is shown 
in fig. 3. The amplifiers in the audio 
frequency chain are considered first. 

audio preamplifier 
The audio preamplifier must 

1. Amplify the low-level output of 
the microphone. 

tioned. The reason is that practical net-
works exhibit increasing phase errors out-
side this range, producing poor sideband 
suppression. 

postphasing amplifiers 
Each audio phase-shift network output 

drives an audio amplifier. The amplifiers 
buffer the network outputs from the 
modulator inputs and offer the correct 
terminating impedance to the networks. 

Optimum phase-shift network per-
formance requires correct output termi-
nating impedance, which is usually high 
and must be constant. The amplifiers 
must introduce no phase or amplitude 
errors in addition to those produced by 
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fig. 4, Norgaard network. A , arid D o m e network, B . Input drive floats in both circuits. 
Equal -ampl i tude outputs are taken from points X and Y . 

the phase-shift network. These amplifiers 
must have a wide frequency response and 
minimum amplitude distortion. 

rf circuits 
The rf chain of an ssb exciter func-

tions similarly to the audio chain, but at a 
fixed, comparitively low frequency. This 
simplifies its design because 

1. The oscillator frequency may be 
accurately maintained by crystal con-
trol. 

o o 
fig. 5, E r r o r response of Norgaard network. A , and D o m e network, B. Suppress ion with the D o m e 
network falls below 30 d B between 6 0 0 and 9 1 0 H z . 
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2. The rf phase-shift network oper-
ates at only one frequency, so it's 
simple to design, construct, and adjust. 

Crystal frequency is determined by 
operating frequency and unwanted mixer 
products. The final operating frequency is 
obtained by mixing the ssb output of the 
exciter with a heterodyned frequency. 

detailed network analysis 
The Norgaard and Dome audio phase-
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f ig. 6. S i d e b a n d suppression as a 
f u n c t i o n of f r e q u e n c y . Note mar-
ginal p e r f o r m a n c e of the D o m e 
network a r o u n d 7 5 0 H2. 

shift networks have the following charac-
teristics: 

1. The Norgaard (fig. 4A) is a bridge 
network designed to be terminated in 

an infinite impedance. Its input re-
quires two antiphase signals whose 
amplitudes are in the ratio 2:7. 

2. The Dome is shown in fig. 4B. It is 
a full lattice network. Outputs are 
developed across a finite, complex 
impedance. Its input requires two anti-
phase signals of equal amplitude. 

Each network operates on the differ-
ential phase principle. The phase angle 
with respect to the input of each output 
increases with frequency, but the phase 
difference between the outputs remains 
constant at 90°. 

The amplitude and phase response of 
the Norgaard and Dome networks are 
shown in fig. 5A and 5B. In both cases 
idea/ component values, input drive ra-
tios, and terminating impedances are as-
sumed. The arrows on the curves indicate 
the direction of increasing frequency; 
several spot frequencies are also shown. 

amplitude response 
In the Norgaard network, the ampli-

tude ratio of the two outputs remains 
very close to unity; worst-case unbalance 
is of the order of only 0.1 percent. The 
suppression curves are quite flat in this 
region, so amplitude unbalance has negli-
gible effect on the final suppression value. 

In the Dome network, maximum error 
is approximately 3 percent Amplitude 
unbalance is therefore responsible for 
degrading maximum obtainable suppres-

f ig. 7. Insert ion loss of 
Norgaard and D o m e 
phase-shift networks. 
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sion by several dB. 

phase response 
The maximum phase error produced 

by the Norgaard network is +2.9° at 
3000 Hz. The phase error is primarily 
responsible for limiting sideband suppres-
sion. 

Fig, 6 compares the two networks over 
a wider frequency range. Note sideband 
suppression at line frequency. The Nor-
gaard network suppresses the unwanted 
sideband 7.5 dB at 60 Hz, increasing to 
15 dB at 120 H2. This means that the 
audio preamplifier must be designed to 
attenuate these frequencies on the un-
wanted sideband. 

The Dome network phase error ranges 
from 2.9° to 4.2°. Unwanted sideband 
suppression decreases to 28.8 dB at 750 
Hz. 

network gain 
If the amplitudes of the two antiphase 

input signals are Vi and kVi, where k is 
the ratio of the appropriate network (i.e., 
2/7 or 1), and Vo is the output signal 
amplitude, then network gain is 

G = 
Vo 

(12) 

fig. 9. Usual method of coupling 
audio preamp to either ne twork , A . 
Center- tapped transformer should be 
used for the D o m e ne twork , B. 

network (fig. 7). Note that little variation 
in insertion loss is evident for either 
network. Expressing the gain at 1 kHz 
(by taking Vo as the mean of the nearly 
equal otuputs), the Norgaard and Dome 
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fig. 8. E f fec t of drive-ratio errors (i.e., incor-
rect values of k ) . Norgaard ne twork response is 
shown in A ; D o m e network in B. 
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networks exhibit -13.1 and -15.2 dB 
respectively. 

incorrect drive ratio 
As mentioned previously, the correct 

drive ratios for the Norgaard and Dome 
networks are 2/7 and 1. Even very small 
deviations from these values wil l result in 
degraded performance (fig. 8). Allowing 
for other imperfections in the system, the 
drive ratio for the Norgaard network 
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should be kept wi th in ±2 percent, or 
wi th in the range 0.28 to 0.29. The Dome 
network is similarly affected, but to a 
greater extent. In this case the maximum 
tolerable error is about 1 percent of 
optimum. 

4co sco ax 
FREOUENCf (Hz) 

scoo 

maintain a fixed and accurate ratio of the 
two input signals. The tapped resistor 
network should be considered as part of 
the phase-network. The same care should 
be used in choosing its components as 
those of the phase-shift network. 

The actual values of the resistors in fig. 
9A are not important provided they are 
in the correct ratio. They should be 
comparatively low in value and consistent 
wi th drive capability and terminating 
resistance of the audio preamp. This wi l l 
minimize unwanted phase shift due to 
stray capacitance. 

Regarding the Dome network, the 
resistive divider should not be replaced 
wi th a center-tapped transformer (fig. 
9B), because the voltage amplitudes ac-
ross the two halves of the winding won' t 
be wi th in 1 percent of each other over 
the passband. 
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c/> 10 

0L 
100 

» 
f f 

7. « IU—" 
ea _ _ 

ZOO 300 400 SCO 1000 2000 3COO 5000 
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fig. 10. Effect of terminating outputs of Nor-
gaard network. A , and Dome network, B, in a 
finite impedance. 

practical considerations 
Input signals to the network are usual-

ly transformer coupled from the audio 
preamplifier. Ampli tude ratio is obtained 
by resistive divider (fig. 9A). 

The voltage ratio of the phase-shift 
networks is extremely critical. Common 
practice is to include a preset potentio-
meter across the transformer secondary 
to adjust this ratio. A potentiometer just 
doesn't have the long-term stability to 

terminating impedance 
So far I've discussed network perform-

ance under ideal conditions (infinite ter-
minating impedance). I t is instructive to 
consider performance when the networks 
are terminated in a f inite impedance. 

The Norgaard and Dome circuits are 
compared in fig. 10, in which each is 
terminated in an infinite impedance and 
several values of f inite impedance. 

A 10-megohm load doesn't seriously 
affect sideband suppression of the Nor-
gaard network (fig. 10A). However, a 
1-megohm termination makes quite a 
difference. For even lower values, the 
curves flatten at the low-frequency end 
and are shifted further downward. Sup-
pression is less than 30 dB over much of 
the passband with load impedances below 
500k. 

Load constraints on the Dome net-
work are even more critical (fig. 10B). 
Terminating impedance for this config-
uration should be of the order of 10 
megohms. 

transistor applications 
With both networks, minimum accept-

able terminating impedance is very high 
compared to the input impedance of 
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conventional transistor amplifiers. Prob-
ably fet's should be used here. It might be 
possible to replace output resistors R5 
and R6 (Dome network) with transistor 
amplifiers that have an input impedance 
equal to the resistors. Care must be taken 
in amplifier design to ensure constant 
imput impedance. 

capacitive loading 
When the Norqaard circuit is used with 

tubes, resistors R2 and R4 (fig. 4A) also 
function as grid-leak resistors, this elimi-
nates any additional loading. Stray capac-
itance across the network output must be 
considered in this application, however. 

The solid curve of fig. 11 shows the 
suppression of the Norgaard network 
when each output is terminated in a 
complex impedance, consisting of a paral-
lel combination of 20 pF and 10 meg-
ohms. Such a small value of capacitance 
has negligible effect at the low-frequency 
end of the passband; but as the frequency 
is increased, the suppression peaks are 
lower and shift slightly lower in frequen-
cy. Performance is still satisfactory, how-
ever, because the suppression doesn't fall 
below 38 dB except at the extreme 
high-frequency end of the passband. 

The Dome network also may be used 
with the output resistors acting as grid-
leak resistors, but stray capacitance will 
have negligible effect because the outputs 
incorporate large shunt capacitors (C5, 
C6 in fig. 4B). 

audio preamp frequency response 
When followed by the Norgaard net-

work the preamplifier's frequency re-
sponse should be as shown in fig. 12. 
From 300 to 3000 Hz the response is flat 
as is taken as the reference level of zero 
dB. The suppression of the unwanted 
sideband over this range is always better 
than 30 dB, and the network's amplitude 
response is quite flat (fig. 7), Below 200 
and above 3000 Hz, preamplifier frequen-
cy response follows the curve of fig, 6. 

Frequency response of the preampli-
fier followed by the Dome network is 
similar, except that the curve dips slightly 
at mid-band. The curve of fig. 12 shows 

the overall response of the preamplifier. 
This is determined by coupling capacitor 
values and transformer response, in addi-
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fig. 11. Performance degradation due to 
stray capacitance in Norgaard network. 
Large capacitances shunting Dome net-
works eliminate this problem. 

fig." 12. Audio preamplifier frequency 
response. A slope of about I S dB/octave 
is required at each end of the passband 
to ensure 30-dB sideband suppression. 
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tion to the contribution of a filter. The 
response curve's slope at the extreme 
ends of the passband is about 15 dB/oc-
tave. 
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keyer oscillators 
Two oscillators are used in the elec-

tronic keyer mentioned above. One, the 
clock, forms the dots and dashes; the 
other is a sidetone generator. Both oscilla-
tors are of the form shown in fig. 1. Each 
uses three-quarters of a quad two-input 
NOR gate, the LU380A. The oscillator 
consists of three NOR gates arranged in a 
ring. The only other components in the 
basic circuit are a timing resistor and 
capacitor. The rings consists of an odd 
number of inverting gates; thus it has no 
stable state and tends to oscillate at a 
frequency determined by C1 and R1. The 
frequency is roughly equal to 1/(2RC), 
where frequency, R, and C are in Hz, 

ual capacitance values. It turns out that 
3.3 Hz works out to 7.92 wpm. This is 
based on: 

Code speed (wpm) = 2.4 x dot fre-
quency in Hz 

The origin of this formula is obscure, 
but it correlates closely wi th the other 
rule-of-thumb, which is: 

Code speed (wpm) = no. of dashes in 
5 seconds 

Tests show that the calculated value is 
very close to that measured. 

To f ind the upper end of the speed 
range when R2 is cranked down to zero 
resistance, we find the theoretical upper 

fig. 2. Clock oscillator 
circuit. 

ohms and farads. The maximum obtain-
able frequency is about 5 MHz. The 
output is a pretty fair square wave at the 
lower frequencies. 

clock oscillator 
For the clock oscillator, we use the 

circuit shown in fig. 2. The keyer is 
designed to operate at 8 wpm for the 
lower end of the speed range. Using 
readily available components, and trying 
to keep the value of R2 + R3 fairly low 
for linearity of adjustment, we find that a 
value of 25 juF for C2 and C3, 5k for R2, 
and 1k for R3 wi l l yield a frequency of 
3.3 Hz. Even though C2 and C3 are in 
series, they effectively yield their individ-

Utilogic is a registered trademark of the 
Signetics Corporation. 

speed is 47.52 wpm. This, again, agrees 
closely w i th the value found in practice. 
In the actual keyer, R3 is selected to 
meet the 50 wpm mark exactly. 

operation 
Diode D1 shunts reverse bias around 

fig. 3. T iming diagram showing ef-
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C2 when the keyer is idling. Otherwise, 
the capacitance of C2 would slowly dis-
appear due to its reverse polarity. The 
best choice for the capacitor would be a 
nonpolarized type, but it would be as 
targe as the whole keyer. C3 needs no 
protection, since it has a very low duty 
cycle of reverse bias. 

Diodes D2 through D5 are a negative 
clamp on the gate input to ensure that 
the first cycle of the oscillator is close to 
the same length of succeeding cycles. Fig. 
3 shows the clock waveform wi thout 
these diodes. The first cycle starts wi th 
the input of gate A resting near ground 
potential, but subsequent cycles start at 
the threshold point of the gate. The error, 
in any case, is not great and can be 
discerned only w i th instruments; and the 
resulting cw sounds fine either way. 

Fig. 4 shows the error after correction. 
It also shows the high degree of dot/space 
ratio accuracy obtainable wi th this simple 
circuit. 

The control input of gate A inhibits 
oscillation when it is held at logic state 1. 

tor frequency, normally 800 Hz, is adjust-
able by R4. The output is gated by NOR 
gate B, which drives the base of a 2N404 
through current-limiting resistor R5. An 

s 
cj. 

_IST Dl rr/gftC DOT 

cj. 

_IST Dl rr/gftC 

KEYING SPEED (wpm) 

fig. 4 . T iming accuracy of the clock 
circuit after correction. Note high 
degree of dot/space ratio. 

ordinary output transformer, w i th a 
500-ohm center tapped primary and 
8-ohm secondary driving a 2-inch speaker, 
completes this simple monitor circuit. 

o 
CON TROL 

HIGH • NO SIDETONE 
LOW = SIDE TONE 

NOTE ALL GATES ARE 1/4 LU3BOA NOR GATES 
* + 5 OV ON PIN 8 GROUND PIN 1 

CALECTRO 
«C Di - 712 

TOP VIEW 

LU3BOA 

TT^J 

cr 

•f sv 

ZD 

fig. 5. The sidetone oscillator. Frequency is adjustable by R 4 ; output level by R6 . 

When the control input is lowered to 
logic state zero, the oscillator starts gener-
ating the first character. I found this 
instant-starting clock much simpler to use 
than the free-running variety, which tends 
to force spacing between letters. 

sidetone oscillator 
The sidetone oscillator, fig. 5, is of the 

same form as the clock. Sidetone oscilla-

The output level, controlled by R6, is 
adequate for a roomful of people. Fairly 
high efficiency is obtained, since the 
2N404 operates near class C. 

reference 

1. L . B r o c k , " U t i l o g i c N O R and OR gate 
A p p l i c a t i o n s , " S ignet ics C o r p o r a t i o n A p p l i c a -
t i ons M e m o 9 7 , June , 1969 . 
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THE HAMMARLUND MFG. COMPANY 
PERFORMANCE DATA FORM 
LINEAR AMPLIFIER HXL-1 

SERIAL NO. 
DATE A * »-_*!• 

by 

Ma. IDLE PLATE CURRENT (RELAY OPEN) 
I 00 Ma. IDLE PLATE CURRENT (RELAY CLOSED) 

NEUTRALIZATION 

80M 40M . 20M_>* 1 SM f TOM i S 
VOT.TS PLATE VOLTAGE ON STANDBY 

USE USB 2 TONES OF EQUAL AMPLITUDE 

PREPARED BY s 
ROBERT KILLER, W4AEY 
ENGINEERING LEADER 

NOTE: ADJUST LINE VOLTAGE TO 110 VOLTS UNDER LOAD FOR POWER MEASURE-
MENTS . 

BAND 
FREQUENCY 

RF 
DRIVE 
ft ft 
WATTS 

PLATE 
VOLTAGE 

ft ft 
VOLTS 

PLATE 
CURRENT 

ft ft 
HA 

POWER 
OUTPUT 
ft ft 
WATTS 

% 
EFFICIENCY 

ft ft 

P.E.P. 
OUTPUT 
ft ft 
WATTS 

80M 
3.8 MC l o o 1*00 ieSo t t o 

40M 
7.3MC 1 0 o n a s - Uoo g t . o 

20M 
14.3MC 1 o o \10O l o g et.o 

15M 
21.3MC 1 OO 1 b o o S I O l o . o 

10M 
28.3MC q * 1*0 S f . o 

EQUIPMENT SET-UP MULTIPLY x 2.5 FOR PEP 
" 1 1 * • " » " 

48 [J june 1970 



transistor 

frequency 

multipliers 

Selecting transistor 

frequency-multipl ier 

circuits 

for maximum 

efficiency 

and output 

CD 

IS) 
O) 
ro 
'c 

re 
O 

re* e o c o w « 
s c 0) > 
< 
k. 
® 
c c o Q 
o IT) 
00 

< CO 

VI a> c o 

o 
c re 

The circuit board in the photograph was 
put together to try out different circuits 
for frequency doubling from 14 to 28 
MHz; a high-output signal generator pro-
vided the 14-MHz drive. A wattmeter 
across the output provided readings for 
comparing the relative efficiencies of dif-
ferent multiplier circuits. 

The transistor used for nearly all the 
tests, the 2N5188, is an inexpensive npn 
transistor rated at 4 watts maximum 
dissipation at 25° C; this indicates a 
maximum dissipation of 2 watts or so with 
a moderately sized heat radiator slipped 
over the transistor case. Typical cutoff 
frequency for the 2N5188 is 325 MHz. 
Selected 2N5188's can be used in class-C rf 
service up to about 150 MHz-at lower 
frequencies nearly all units give equally 
good results without special selection. 

An rf voltmeter was connected from 
base to ground (or emitter) to make sure 
the maximum base-to-emitter breakdown 
voltage of 5 volts peak was not exceeded 
during tests. The proper value for the 
base-bias resistor in frequency multipliers 
ranges from 100 to 5000 ohms. If the 
base-bias resistance is too great the tran-
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sistor may be damaged by high rf drive 
since the 5-volt rating is easily exceeded. In 
most of these tests a 1000-ohm bias 
resistor was used, and the rf drive adjusted 
to 3 volts rms maximum. 

fig. 1. Th i s circuit is essentially the 
same as fig. 3 a l though the transistor 
collector is at rf g round. 

The 2 N 7 0 6 , 2 N 2 7 1 1 and 2 N 2 2 2 pro-
vide moderately good efficiencies when 
operated as frequency multipliers up to 
about 1/5 of their cutoff frequency. The 
2N4427 , 2 N 3 8 6 6 , 2 N 3 5 5 3 and similar 
power transistors provide more output on 
two meters than the 2N5188 , but they cost 
several times as much. T w o 2 N 5 1 8 8 
stages—one as a frequency multiplier pro-
viding 0.1 to 0.3 watts output and the 

practical circuits 
Four practical frequency-doubler cir-

cuits are shown in fig. 1 t o4 . A l though the 
circuit of fig. 3 is the one usually seen in 
the literature, the circuits of fig. 2 and fig. 
4 proved to be far superior. The circuit of 
fig. 1 is a little unusual in that its collector 
is grounded for rf, but it is basically the 
same as fig. 3 (and actually performed 
about the same). Fig. 1 has slightly less rf 
radiation loss since the collector is con-
nected to the case—the construction used 
for most transistors that are rated at more 
than 0.5 or so. However, in the 14-to-28 
M H z frequency doubler tests the rf loss 
wasn 't high enough to warrant the use of 
the common-oscil lator layout over the 
more usual grounded- or common-emitter 
circuit. 

The reason the circuits in fig. 2 and fig. 
4 gave twice as much output as the others is 
quite simple: the transistor has a relatively 
high feedback capacitance between collec-
tor and base, so any appreciable impedance 
from base to emitter—even a single-turn 
link—causes degeneration; the series-tuned 
28 -MHz circuit in fig. 2 provides a very low 
impedance path from base to emitter and 
effectively connects the collector to-base 
feedback capacitance across the output. 
This eliminates degeneration and increases 
output by 1.5 to 3 times in doubler, tripler 

fig. 2. Th i s circuit pro-
vides a low- impedance 
path f r om base to emit-
ter and effectively con-
nects the collector-to-
base feedback capaci-
tance across the output. IIZV 

m 

other as a buffer with 0.5 to 1 watt 
output—offer an economical way of build-
ing a two-meter transmitter. The more 
expensive power transistors can then be 
used as power amplifier stages for a few 
watts of fm or cw. 

and quadrupler stages. 
The series-trap circuit also provides 

excellent efficiencies at vhf and uhf but it 
requires careful adjustment. The disadvan-
tage of the circuit in fig. 2 is that it will 
break into self-oscillation if the series-
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resonant circuit is incorrectly tuned; it also 
requires an additional adjustment in the 
frequency multiplier. 

The advantage of the series-tuned cir-
cuit is that it can be applied to an existing 

The ratio of C2 to C I should be between 
5:1 and 10:1. 

I n mos t small-power frequency-
multiplier circuits the collector must be 
connected to a tap on the output tuned 

14 MHz 

fig. 3. This is the fre-
q u e n c y - m u l t i p l i c a t i o n 
circuit usual ly seen in 
the literature. 

28 MHz 
— ( * ) 

rh 

005 

m 
12 V 

frequency multiplier in a vhf or uhf 
converter or transmitter to obtain more 
output. Usually a small moderately high-Q 
rf choke coil can be selected which will 
resonate with a 5- or 10-pF piston capaci-
tor to the desired output frequency. With 
this simple modification tripler and quad-
rupler stages really come to life as far as rf 
output is concerned. 

The frequency-multiplier circuit in fig. 
4 is my favorite for doublers, triplers, or 

circuit to obtain a reasonable impedance 
match. To minimize undesired harmonic 
output the tuned circuit should have an 
operating Q of at least 15. In usual designs 
the collector tap is located 1/6 to 1/2 the 
total number of turns from the cold end. 

Low-power frequency-multiplier cir-
cuits, such as those used in vhf receiving 
converters, can be designed with the 
collector connected to the hot end of the 
tuned circuit if the tuned circuit has a 

fig. 4. Th i s circuit is 
W6 A J F ' s favorite for 
f r e q u e n c y - m u l t i p l i -
cat ion service. 

14 MHz 

20 28 MHz 

-I, 

m 

005 

nsv 

quadruplers-at high or low power.lt pro-
vides a low-impedance path from base to 
emitter if C2 is large enough to provide a 
reactance of only a few ohms at the output 
frequency; if the reactance is below 10 
ohms excellent results can be obtained. 

resonant impedance in the range of 1000 
to 3000 ohms. If the circuit doesn't tune 
sharply it indicates low circuit Q and poor 
harmonic suppression, and may mean the 
collector load or external load is too heavy. 

ham radio 
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One of the problems confronting the rtty 
operator is measuring the correct fre-
quency shift between mark and space 
signals. 

This article describes a direct-reading 
indicator with which you can measure 
these frequencies from your receiver out-
put. By offsetting the mark frequency to 
zero and increasing meter sensitivity, the 
difference between mark (2125 Hz) and 
space (2295 or 2975 Hz) can be accu-
rately measured. 

the circuit 
The circuit consists of an input ampli-

fier, Schmitt trigger, monostable multi-
vibrator, averaging amplifier, and meter 
amplifier (fig. 1). The input amplifier has 
an input sensitivity of about 100 mV. 
The Schmitt trigger squares the input 
signal, which is then differentiated by the 
300-pF capacitor. The negative pulses are 
clipped by a diode, and the positive 
pulses trigger the monostable (one-shot). 
Thus a series of rectangular pulses is 
produced whose repetition rate is equal 
to the signal frequency. Pulse amplitude 
and length are respectively 3.6 V and 80 
microseconds. 

The averaging amplifier produces a 
steady negative dc voltage proportional to 
the average voltage of the waveform at 
the one-shot's output which is, in turn, 
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INPUT AMPLIFIER SCHMITT TRIGGER MONOSTABLE MV AVERAGING AMPLIFIER 
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fig- 1. Schematic of 
t h e f r e q u e n c y - s h i f t 
meter and power sup-
ply. Instrument sensi-
tivity is controlled by a 
s imple switching ar-
rangement for the feed-
back resistors in the 
meter amplifier. 
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proportional to input frequency. Typical 
waveforms are shown in fig. 2. 

Instrument sensitivity is selected by 
switching the feedback resistors in the 
meter amplifier. The meter amplifier will 

X 
I 
J 

fiL.914 

have a gain of 1, 3.3 or 10 corresponding 
to 3000, 1000 and 300 Hz respectively. 
Potentiometers R1 and R2 allow a small 
current opposite in polarity to the signal 
current to be applied to the meter ampli-
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fier; thus the meter indication is fully 
adjustable. 

calibration 
An accurately known audio frequency 

is required for calibration. With no input 
to the instrument, set offset controls R1 
and R2 to zero and the range switch to 
300 Hz. Adjust R3 for a zero indication 
on the meter. Set the range switch to the 
appropriate range for the calibrating fre-
quency; i. e.( the range that gives the 
highest reading without pinning the 
meter. Next apply the calibrated signal, 
and adjust the calibration control for the 
correct meter indication. 

If 1 percent resistors are used as 
shown, only one range need be calibrated; 
the others will be automatically correct. 
Zero-set and calibration controls may be 
preset screwdriver-adjustment pots 
located on the back of the instrument. 

shift measurement 
To use the instrument, set the range 

switch to 3000 Hz and apply the mark 
frequency to the input. The meter should 
indicate the mark frequency. Set the 
m e t e r t o z e r o , with the mark frequency 
still applied to the input. T h e n s w i t c h t h e 

meter to the 1000-Hz range for 850-Hz 
shift, or to the 300-Hz range for 170-Hz 

meter protection 
While the circuit is virtually fool-

proof, it's possible to pin the meter in the 
forward direction if the input signal's 
frequency is too high. The meter can be 
pinned in the reverse direction when no 
input is applied with the offset control 
advanced. Therefore, the diodes in the 
meter amplifier output are included to 
protect the meter from possible high 
overload levels. 

noise response 
If noise is on the signal to be 

measured, as when measuring the shift of 
a weak signal, errors may result because 
the Schmitt trigger will fire on noise 
pulses as well as on signal. The error may 
be reduced by using the minimum audio 

fig. 3. Application of the circuit 
for adjusting small differences in 
audio filter output frequency. 

o r 

0 v 

•-+3.6V 
ov 

-+36V 
OV 

I - - +3.6 V 

OV -- 03V 

fig. 2. Typica l waveforms. These will appear at 
similarly labeled points in the schematic. 

shift. The zero point might need readjust-
ment with the fine offset control. Now 
apply the space frequency to the input. 
The shift may then be read on the meter. 

signal that will give a steady reading. 
Errors due to noise will be no problem, of 
course, when setting your transmitter's 
shift by monitoring its signal on your 
receiver. 

other uses 
The instrument is also useful in ad-

justing audio filters for rtty and other 
uses. A typical test setup is shown in fig. 
3. 

While most audio signal geneators have 
good absolute accuracy, their calibration 
is seldom good enough for measuring 
small differences in output frequency. In 
setting up many filters, particularly for 
rtty, filter bandwidth is often more im-
portant than center frequency. 
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bench 
curing trouble in 

mobile power supplies 

Remember the days when only three 
things could go wrong with a mobile 
power supply? A sticky vibrator, a bad 
buffer capacitor, and - i f things were real-
ly bad—a transformer. 

It wasn't hard to figure out which it 
was; they all blew the fuse. A done-in 
transformer spewed was and varnish, and 
a worn-out buffer made even a new 
vibrator sound ragged. And substituting a 
new vibrator was a sure way to bring the 
output voltage back up to normal if the 
old vibrator was shot. 

Nowadays when a fuse pops, it all 
happens so quietly you hardly think 
anything's wrong at all. The buzzing 
vibrator has been replaced by transistor 
switches. The frequency they flip-flop at 
is audible but so quiet you can't usually 
hear it. A n d when one of the transistors 
g o e s - i t generally goes completely. 
There's no bounce, rattle, or noise. Just 
thump! and the fuse or circuit breaker 
pops open. 

the heavy demands 
A lot is expected of the mobile power 

supply. Take the one pictured in fig. 1. 
It 's big enough to operate an ssb linear 
from a 12-volt car battery. It can furnish 

up to 500 m A at 2 kV , if it has to. 
Typically, it runs about 2.1 kV with an 
average load of 180 m A . It also supplies 
-110 volts at 60 m A , for bias. 

The switching transistors in a supply 
like this must be heavy ones. Likewise the 
transformer and rectifier diodes must be 
rated to withstand lots of voltage and 
current. Input wiring and components 
must carry the heavy battery-current 
drain of a supply like this—as much as 30 
or 35 amps. 

Running a unit like this on the repair 
bench requires the same kind of care 
you ' d use installing it. Heavy wiring from 
the dc supply is a must. N o ordinary 
battery eliminator today can handle the 
load, so you ' l l need a storage battery. A 
charger across it will keep it at full power. 

A n ideal bench setup brings the 12-
volt battery cables up to %-inch bolt 
terminals at the back of the bench. A 
4-foot cable is made up from two No. 6 
awg wires terminated at one end in 
soldered-on eye terminal lugs; the holes in 
the lugs fit over the terminal bolts. The 
other end of the test cable has a heavy-
duty Jones female plug to fit this power 
supply. Other cables can be made up for 
other power supplies. 

A 6 0 - a m p cartridge fuse (Buss 
FRN -60 ) in the battery-cable line pro-
tects the battery. It doesn't take long for 
a dead short to ruin battery plates and 
burn the insulation right off the cable 
wires. If you set up your bench like this, 
occasionally spin the cartridge fuse in its 
holder; that keeps the contact clean and 
cool. 

the switched inverter 
The basic input circuit of the Heath 

Heathkit HP-13 dc supply, their newest model, 
is designed for mobile operation of the SB-101, 
SB-11 OA, HW-100 and Heath Single Banders. 

56 JjJ june 1970 



mobile supply is diagramed in fig. 2. A 
40-amp breaker protects the car battery. 
A n input relay is necessary because no 
ordinary switch could carry the power for 
this supply. A switch on the transmitter 
closes the relay. A choke and capacitor 
decouple the input dc line, so no hash 

fig. 1. Hcathkit HP-14 power supply, although 
no longer marketed, is an example of a high-
voltage mobile power supply that can be used 
with a 1-kW P E P linear amplifier. Switching 
transistors are heavy-duty types, and heavily 
heat sinked. (Two are out of sight on other 
sides of the unit.) 

from the dc-to-ac inverter can affect 
other accessories. 

When the input relay closes, 12 volts 
positive is applied to the emitters of both 
transistors through a short portion of the 
transformer winding. The collectors are 

grounded, making them negative with 
respect to emitter. That 's the first re-
quirement for operation of pnp transis-
tors. 

A t the same time, the rest of each 
winding half is feeding the positive volt-
age to the bases and to resistors R 1 and 
R2. The voltage at the base of each 
transistor is less positive (thus more nega-
tive) than that reaching the emitter, 
because the winding drops some of it (R1 
and R 2 are dividers with the winding 
resistances). With base negative (to the 
emitter) the pnp transistors can conduct. 

However, the transistors are not per-
fect matches. One conducts more than 
the other. Heavy electron current flows in 
one (for this example, let's say it's Q1). 
The path is from ground through collec-
tor to emitter, through a short portion of 
the transformer winding to the center 
tap, and out to the positive battery 
terminal. 

A s this current builds up, it develops a 
magnetic field in the winding. That field 
applies a negative-going rise to the base of 
Q1, adding to the negative bias already 
there. The transistor conducts even more. 

Meanwhile, the same magnetic field is 
backward-biasing the other transistor. 
The portion of transformer winding be-
tween Q2 ' s base and emitter applies a 
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positive-going voltage to the base, which 
cuts that transistor off. No current can 
flow in the collector/emitter/winding cir-
cuit of that transistor. 

Sooner or later, the transformer satu-
rates. That is, even though current in Q1 
keeps increasing, the magnetic field 
doesn't. Then, no more extra base bias 
for Q1 is developed by the transformer 
winding. Q1 current suddenly begins 
dropping off. 

As the magnetic field collapses, the 
whole process reverses itself. Suddenly, 
Q2 gets the go-ahead bias it needs to start 
conducting. And it does. The more it 
does, the more its end of the transformer 
winding forward-biases it. It takes off like 
Q1 did earlier. Current goes way up. And 
all this time, Q1 is being cut off like Q2 
was earlier. 

This goes on till the transformer satu-
rates at the Q2 end. Then again the 
process reverses and Q1 takes over. The 
transistors keep switching back and forth, 
generating more or less of a square wave. 
There's a photograph of how it looks on 
the oscilloscope in fig. 3. Notice how 
transformer saturation tapers the voltage 
off gradually until suddenly the other 
transistor takes over. Then the waveform 
has straight sides till full voltage is 
reached in the other polarity. 

Another factor that rounds the trailing 
corner of the output waveform (and 
causes the overshoot at the leading cor-
ner) is the capacitor across the high-
voltage secondary. Without it, transient 
overshoots and preshoots could generate 
large counter-emf's that might damage 
the transistors. In this respect, the 470-pF 
capacitor acts like the buffer capacitor in 
old vibrator supplies. 

A resistor-capacitor network in the 
base circuit of each transistor is further 
protection; they absorb any transient 
spikes that might zap the base junctions 
of the transistors. 

trouble in the switcher 
The most likely trouble is a shorted 

transistor. As mentioned on the sche-
matic, each transistor is actually a pair; 
there are four transistors, with heat sinks. 

I f a transistor shorts, the switcher quits. 
Usually, the breaker opens from the 
short or from overcurrent in the two 
opposite transistors. 

To test the shorted one, you have to 
disconnect the base and emitter leads. 
Usually, the leads have tips that slip down 
over the pins. If the wires are soldered, 
don't overheat the pins disconnecting and 
reconnecting them. 

Use your ohmmeter. Clip the common 
test lead to the collector (grounded in 

fig. 3. Waveform developed by dc-to-ac inver-
ter. T h i s shaped square wave is what is fed to 
the rectif ier d o u b l c r c ircuit by the transformer 
secondary. 

this example). The ohmmeter should read 
open or extremely high to both pins. 
Next clip the ohmmeter common to the 
base pin and touch the probe to the 
emitter. Then reverse them. You should 
get a low reading (but well above zero) 
one way and a high reading the other. If 
you get an infinite reading both ways, the 
transistor is open. If you get zero or a 
very low reading both ways, the transistor 
is shorted. 

Be cautious replacing the transistor. Be 
sure it's the right type. If it opens, the 
others overload and may go. Position the 
new one carefully. Sometimes the 
mounting holes are sloppy and the base 
or emitter can touch chassis ground. If 
it's the base, goodbye new transistor! 

If a transistor blows, also check the 
base resistors and electrolytic capacitors 
(with one end loose!. It only takes a few 

58 june 1970 



minutes. A poor electrolytic may let 
transmitter keying transients damage the 
transistors. If so, a new transistor may 
soon go the way of the old one. 

If you have a capacitor checker with a 
power-factor test, use that. Also measure 
capacitance. If not, use your ohmmeter. 
Make sure both electrolytics charge up 
quickly and don't show a resistance be-
low 50k. If they charge slowly, power 
factor is too high. You can measure 
resistors directly. 

fig. 4. Dc output section 
of typical mobile hv sup-
ply. Diodes in series in-
c r e a s e voltage rating 
without expense of hv 
diodes. Circuit is full-
wave douBler. Bleeders 
distribute voltage among 
capacitors, which are also 
in series for higher volt-
age rating. 

the high dc side 
You can have trouble with the dc 

circuits of a mobile supply, too. That 
consists of rectifier diodes, filter capaci-
tors, and bleeder resistors. 

The output of a supply in this example 
is diagramed in fig. 4. The transformer is 
the one you see in fig. 2, but only the 
secondary is drawn here. 

The transformer steps up the voltage 
of the primary waveform, which is only 
about 10 volts peak to peak (p-p) at the 
emitter of the transistors. There's about 
1000 volts p-p across the secondary wind-
ing and C7. 

Diodes in series give a rating to with-
stand such high voltage. There are seven 
diodes in each leg of the voltage-doubler 
circuit. 

The doubter is a simple full-wave type. 
On one half-cycle, diodes D 8 - D 1 4 charge 
capacitors C 4 - C 6 . One the next, diodes 
D 1 - D 7 charge capacitors C 1 - C 3 . The 

charges across the two strings of capaci-
tors add, and the output is double the 
input. 

The bleeders, R1 through R7, have a 
number of purposes. For one thing, 
they're a safety factor. They drain off 
any charge on the capacitors, and on any 
capacitor in the transmitter, when the 
supply is shut down. Also, connected as 
they are, they equalize voltage distribu-
tion across all the electrolytic capacitors. 
Without them, one capacitor might devel-

QZ300VDC 

Q + SVOC 

op too much voltage and break down. 
Also, R7 is a small-value divider resis-

tor in series with the six main bleeders. It 
develops a 6-volt positive dc. This output 
is ordinarily for automatic level control 
(ALC) bias. 

The bottom winding develops about 
125 volts p p. That's rectified in a diode 
connected with anode to output. A filter 
capacitor and bleeder resistor keep the 
output at a negative 130 volts dc (-130 V 
dc). That's bias for the linear amp. In one 
Heath linear, it also operates the antenna 
relay. 

dc output troubles 
Some troubles in a supply like this can 

be diagnosed from the symptoms. 
Low output, for example, can be the 

result of an open diode. That leaves only 
half the doubler working, and no-load dc 
output is reduced to half or less. 
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A n open bleeder can cause the parallel 
capacitor to be damaged. If output drops 
drastically with even slight load, check 
each output resistor and capacitor. Y o u 
may have to disconnect one end of each 
capacitor to get a meaningful ohmmeter 
or checker reading. 

Whenever you find an open bleeder 
resistor, always replace its capacitor too. 
It has taken an overdose of voltage. Even 
if it seems healed, its ability to form a 
dielectric may be impaired. 

A shorted diode in a series string like 
this doesn't show up immediately. Later, 
another may go, then another. Eventual-
ly, one will probably burn open. Some 
may develop backward leakage that will 
eventually damage others. So, when any 
diode trouble is found check all the 
others in that series string. Just check 
them one at a time with your ohmmeter; 
you don't even have to disconnect them. 
One direction should read less than 100 
ohms (actual amount depends on the 
ohmmeter battery). The other direction 
should read open. 

It's a good idea to check the bleeders 
periodically. Just watch a voltmeter con-
nected to the dc output. Turn the supply 
on, with no load connected. Then turn it 
off. The meter should drop to zero volts 
in a matter of 1 or 2 seconds. If not, 
B E W A R E . The bleeder is open. 

A n open R7 shows up in other ways, 
too. Most notably, the A L C output volt-
age (6 volts) rises to practically the full dc 
output voltage. The linear couldn't take 
that. If the A L C diode in the linear 
blows, first thing to check is the ALC-bias 
bleeder in the power supply. A n easy was 
is by the bleeder test just described. 

Troubles in the -130 volt bias supply 
are ordinary. If output is very low under 
load, R9 or the diode is probably the 
culprit. If it's low even without a load, 
the capacitor (C8) is probably bad. Be 
sure to connect any replacements with 
proper polarity. Check the 100k bleeder, 
too. A meter on the output, with no load, 
should drop to zero as fast as the meter 
pointer will allow, when you turn the 
supply off. 

caution—high voltage 
You've got to be careful around these 

supplies. Never assume the bleeder is 
okay. A jolt of 2000 volts, when current 
capability is 500 mA, can cool you for 
good. It only takes 8 or 9 mA to make 
your heart fibriIIate, if you don't get aid 
within a very few minutes the damage is 
permanent. Dead permanent. Even a 
couple of milliamps can hurt an already 
weak heart, or weaken a good one. 

I never work around one of these 
except with two things: a 1-meg 2-watt 
carbon resistor I know is good, and a 
jumper lead. The resistor goes across the 
output before I turn on the supply the 
first time. It stays thereuntil the last test 
is run and I'm sure the internal bleeders 
are working. Besides that, I always keep a 
jumper clipped across the high-voltage 
output except when I'm firing up the 
supply for a live test. When I turn it off, 
back on goes the jumper. This may seem 
like trouble, but so are funerals. 

Whenever possible, I do my trouble-
shooting with tests that don't require me 
to fire up the unit. That takes some of 
the danger away. (I wrote about that kind 
of troubleshooting in this department in 
August 1968, page 52; November 1968, 
page 62, and January 1969, page 52.) 

what's ahead in repair bench 
Solid-state equipment is now the rule 

more than the exception. With it comes 
the old fear of not being able to keep the 
gear operating. More specifically, hams 
worry about how to track down trouble 
in a solid-state receiver or transmitter. 

Most hams can do pretty good de-
ciding what section or stage is fouled up. 
But their unfamiliarity shows through 
when they get down to troubleshooting 
the circuits inside the stages. 

Next month, I'll show you a sure-fire 
approach to servicing transistors. I won't 
make a super-speed technician out of 
you, but when you get through reading 
next month's column you'll know how to 
find out what's working and what isn't. 

ham radio 
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knight-kit 

two-meter 

transceiver 
If you've been shopping around for a 
little two-meter rig, you've probably seen 
the ads for the Knight-kit T R - 1 0 8 trans-
ceiver. This little unit covers the entire 
two-meter band, and combines a sensitive 
double conversion receiver with fifteen 
w a t t s i n p u t and a built-in 117-
Vac/12-Vdc power supply. All you need 
to get on the air is an antenna and a 
crystal for your favorite two-meter fre-
quency (an optional vfo kit is available if 
you want to move around the band a bit). 
Also, if you want to go mobile, an acces-
sory mobile mount is available. 

receiver 
The first stage of the two-meter re-

ceiver section is a 6 H A 5 ground ed-grid rf 
amplifer. This stage provides adequate 
gain and noise figure for the maximum 
range that can be expected with the 
TR-108. The crystal-controlled oscil-
lator/tripler that feeds the first mixer uses 
a third-overtone crystal cut to 37.883 
M H z - a 6CW4 serves as the oscillator and 
the triode section of a 6GJ7 as the tripler. 
The pentode section of the 6GJ7 is used 
as the first mixer with a resulting output 
of 30.35 to 34.35 MHz. Since the con-

verter section has a 4 -MHz bandpass, each 
coil must be properly peaked to maintain 
the broadband characteristics. The con-
verter section is the most critical part of 
the whole transceiver, and is prewired and 
aligned by the factory for maximum per-
formance. Sensitivity is 0.5 /uV for 10 dB 
signal-plus-noise to noise ratio. 

The output from the converter chassis 
is fed into the second mixer through a 
coaxial cable. The triode section of a 
6 E A 8 is used as a tunable oscillator to 
provide injection for the second mixer; 
the second mixer is the pentode section 
of the same 6 E A 8 . The oscillator circuit 
is a temperature-compensated shunt-fed 
Hartley circuit that tunes from 32 to 36 
M H z ; output from the second mixer is at 
1650 kHz. 

The 1650-kHz i-f strip in the TR -108 
transceiver uses two high-gain 6 B Z 6 amp-
lifiers and three double-tuned i-f transfor-

>- mers. The double-tuned i-f transformers 
I— 
Q provide a simple way to obtain narrow 
g bandwidth. The selectivity is 6 d B down 

at the 8-kHz points. Image rejection is 
£ rated at 55 dB and i-f rejection is better 
E than 50 dB. 
^ The dual-diode 6 A L 5 used in the de-
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tector/automatic noise l imiter stage is 
very sensitive to low-level signals. The 
first diode section of this tube funct ions 
as a standard a-m detector. The age volt-
age is derived f rom this section, f i l tered 
and fed back to the control grid of the i-f 
amplif ier stages. 

The second-diode section of the 6 A L 5 
is used as a series-gate noise l imiter. This-
type of noise l imiter introduces negligible 
distort ion, even under strong-signal con-
dit ions w i t h high-level modu la t i on -mos t 

f rom 300 to 3000 Hz, the speech range 
required for maximum intel l ig ibi l i ty. 

transmitter 
The transmitter may be crystal con-

trol led w i t h crystals in the 8-MHz range, 
or an external v fo may be used. The 
Knight-k i t V-107 v fo is designed to go 
along w i t h the TR-108 and its six-meter 
cousin, the TR-106. The 6CL6 oscil-
lator/ t r ip ler stage is operated as a Colpit ts 
oscillator w i t h the plate circuit tuned to 

fig. 1. Block diagram of the T R - 1 0 8 two-meter transceiver. 

l imiters distort the desired signal when 
l imit ing begins. The series-gate circui t is 
self-adjusting over a wide range of signal 
levels so the l imi t ing level is compatible 
w i th the ampli tude of the incoming sig-
nal. 

One tr iode section of a 12AX7 is used 
for the audio amplif ier to drive the 6L6 
audio power stage; the other tr iode sec-
t ion of the 12AX7 serves as a microphone 
preamp. The audio output transformer 
has one primary and two secondaries; the 
primary is matched to the 6L6 audio 
power amplif ier. In the receiver mode, 
one of the secondary windings is used to 
drive the speaker. A f ront panel jack 
allows headphone operation or an ex-
ternal speaker. The second audio-trans-
former secondary winding is used for 
modulat ion. The frequency response of 
the audio stage is engineered to cover 

the th i rd harmonic of the grid circuit . For 
vfo operation, the tube serves as an amp-
l i f ier /buf fer and tr ipler. Excellent v fo 
isolation is provided by the pentode. 

The ou tpu t f rom the 6CL6 drives a 
6BQ5 tr ipler stage. This small beam-po-
wer tube drives the 2E26 power amplif ier 
to its fu l l capacity. The compact 2E26 
stage runs at 15 watts input. The output 
circui t is a conventional pi network de-
signed to work into 30 to 90 ohms w i th a 
vswr less than 3:1. 

The Knight-k i t engineers gave har-
monic generation very careful considera-
t ion when they designed the TR-108 in 
an e f fo r t to eliminate problems w i t h har-
monic radiation. A double-tuned trans-
former is used to couple energy f rom the 
6BQ5 tr ipler to the f inal; this reduces 
harmonics and provides adequate drive 
over the complete two-meter band. The 
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output pi network furnishes further har-
monic suppression and the wrap-around 
case shields the entire unit so undesired 
radiation is minimized. 

power supply 

The power supply is one of the most 
interesting circuits in the transceiver since 
it is designed to operate from either 117 
Vac or 12 Vdc. Switching from one 
power source to the other is automatical-
ly accomplished by using the proper 
power plug. 

In the dc-to-dc-converter mode, the 
supply uses a two-transistor oscillator to 
switch the primary 12-volt dc power on 
and off at about 9 0 Hz: the resultant ac is 
stepped up by the transformer. In the ac 
mode, the transformer functions as a 
normal step-up type. The high voltage dc 
is provided by a voltage-doubler circuit 
across the transformer secondary. Power 
for an external vfo is available on the 
back panel. 

summary 
The transceiver is fairly easy to as-

semble and with the excellent instruc-
tions furnished with the kit, only a few 
evenings work is required to do the job. 
Plenty of lineup and tuneup instructions 
are provided as well as hints for operating 
on the vhf bands. The instruction manual 
also includes information on building a 
simple antenna, mobile installation and 
mobile noise suppression, as well as some 
excellent dope on television interference 
and how to cure it. 

Performance is right up to the manu-
facturer's rating. You ' re not going to 
work any moonbounce or meteor scatter 
with 15 watts input, but with a good 
antenna and patience, you may be able to 
work a little D X when the band opens up. 
In the meantime, the little TR -108 is 
great for local ragchews, D X nets and a-m 
repeaters. The receiver is more than sen-
sitive-the 15-watt input rating of the 
transmitter is the limiting factor as far as 
maximum range is concerned. Y o u can 
be sure you'l l hear the other guy if he can 
hear you. 

h a m radio 
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NEW 
TRI-EX'S 

MW 
SERIES 

Pound for pound the 
strongest self-supporting 
steel towers available. 

The new economy MW 
Series towers are designed 
to support up to 91/2 sq. ft. 
of antenna area. Featuring 
Tri-Ex's extra strong tor-
sional twist resistant "W" 
bracing, the all steel MW 
crank-up towers come in 
three sizes, each fully gal-
vanized for carefree main-
tenance. Models available, 
by height, are: MW-35', MW-
50', and MW-65'. Nested 
height is between 21' and 
22'. Hinged base and wall 
bracket included with MW 
tower order! See your local 
dealer or write for free cata-
log today. Prices start as 
low as: 

$15735 

TOWER CORPORATION 
SMUSSEN AVE., VISALIA. CALIF. 93277 
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antenna dimensions 

Here's a chart of antenna dimensions 
that should be handy if you're getting 
ready to put up a new sky wire. This is 
part of a compuier listing I ran That 
covered the spectrum from 3.5 to 30 
M H z with readouts for each 50 kHz 
change in frequency.* The first column 
of the chart, table 1, is the operating 
frequency in MHz. The following six 
columns give the dimensions of 5/8 wave-
length, 1/2 wavelength, 1/4 wavelength, 
lhe length of one side of a cubical quad, 
the length of an inverted vee, and the 
proper radial length for a ground plane 
antenna, all lengths given in feet. To 
convert from hundreths of feet to feet-
and-inches use the chart in table 2. 

Jim Barcz, W A 9 J M Y 
* A copy of the complete computer printout, 
from 3.5 to 30 M H z in 50 kHz steps, with 
dimensions to six decimal places, is avaiable 
from ham radio for $1.00. 

table 2. Conversion chart from hundredths of feet to inches. From table 1 an inverted-vee antenna 
on 3.9 M H z is 118.974 feet long. This is equivalent to 118 feet, 11.64 inches (after rounding off to 
118.97 feet). 

0 1 2 3 4 5 6 7 8 9 

0 0.00 0.12 0.24 0.36 0.48 0.60 0.72 0.84 0.96 1.08 
0.1 1.20 1.32 1.44 1.56 1.68 1.80 1.92 2.04 2.16 2.28 
0.2 2.40 2.52 2.64 2.76 2.88 3.00 3.12 3.24 3.36 3.48 
0.3 3.60 3.72 3.84 3.96 4.08 4.00 4.32 4.44 4.56 4.68 
0.4 4.80 4.92 5.04 5.16 5.28 5.40 5.55 5.64 5.76 5.88 
0.5 6.00 6.12 6.24 6.36 6.48 6.60 6.72 6.84 6.96 7.08 

0.6 7.20 7.32 7.44 7.56 7.68 7.80 7.92 8.04 8.16 8.28 
0.7 8.40 8.52 8.64 8.76 8.88 9.00 9.12 9.24 9.36 9.48 

0.8 9.60 9.72 9.84 9.96 10.08 10.20 10.32 10.44 10.56 10.68 

0.9 10.80 10.92 11.04 11.16 11.28 11.40 11.52 11.64 1 1.76 1 1.88 
1.0 12.00 12.12 12.24 12.36 12.48 12.60 12.72 12.84 12.96 13.08 
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repairing broken 

coax connectors 

The insulation in SO-239 coax chassis 
connectors sometimes breaks and falls 
out after a period of use. While a new 
connector costs only 59c, it is often far 
easier and quicker to repair a broken one 
than replace it. Set the piece of gear on 
the bench so the connector is upright. 
With a pair of long nose pliers squeeze the 
four parts of the inner connector sleeve 
together and fill the inner part with 
melted candle wax. Epoxy resin is used to 
replace the original broken and lost in-
sulating material. After the epoxy har-
dens overnight remove the candlewax 
with a small screwdriver or with a 5/32" 
twist drill, and the SO-239 will be per-
manently repaired. 

Robert B. Kuehn, W O H K F 



table 1. Antenna dimensions; length in feet 

length ( f e e t ) 

f requency 
( M H z ) 

5/8 X 1/2 \ 1/4 \ quad 
side 

inverted 
vee 

3.50 167.143 133.714 66.857 71.714 132.571 

3.55 1 64.789 131.831 65.915 70.704 130.704 

3.60 162.500 130.000 65.000 69.722 128.889 

3.65 160.274 128.219 64.1 10 68.767 127.123 

3.70 158.108 126.486 63.243 67.638 125.405 

3.75 156.000 124.800 62.400 66.933 123.733 

3.80 153.947 123.158 61.579 66.053 122.105 

3.85 151.948 121.558 60.779 65.195 120.519 

3.90 150.000 120.000 60.000 64.359 1 18.974 

3.95 148.101 1 18.481 59.241 63.544 1 17.468 

4.00 146.250 117.000 58.500 62.750 1 16.000 

radials 

68.571 
67.606 
66.667 
65.753 
64.865 
64.000 
63.158 
62.338 
61.538 
60.759 
60.000 

7.00 
7.05 
7.10 
7.15 
7.20 
7.25 
7.30 

83.571 
82.979 
82.394 
81.818 
81.250 
80.690 
80.137 

66.857 
66.383 
65.915 
65.455 
65.000 
64.552 
64.110 

33.429 
33.191 
32.958 
32.727 
32.500 
32.276 
32.055 

35.857 
35.603 
35.352 
35.105 
34.861 
34.621 
34.384 

66.286 
65.816 
65.352 
64.895 
64.444 
64.000 
63.562 

34.286 
34.043 
33.803 
33.566 
33.333 
33.103 
32.877 

14.00 
14.05 
14.10 
14.15 
14.20 
14.25 
14.30 
14.35 

41.786 
41.637 
41.489 
41.343 
41.197 
41.053 
40.909 
40.767 

33.429 
33.310 
33.191 
33.074 
32.957 
32.842 
32.727 
32.613 

16.714 
16.655 
16.596 
16.537 
16.479 
16.421 
16.364 
16.307 

17.929 
t7 .865 
17.801 
17.735 
17.676 
17.614 
17.552 
17.491 

33.143 
33.025 
32.908 
32.792 
32.676 
32.561 
32.448 
32.334 

17.143 
17.082 
17.021 
16.961 
16.901 
16.842 
16.783 
16.725 

21.00 
21.05 
21.10 
21.15 
21.20 
21.25 
21.30 
21.35 
21.40 
21.45 

28.00 
28.10 
28.20 
28.30 
28.40 
28.50 
28.60 
28.70 
28.80 
28.90 

29.00 
29.10 
29.20 
29.30 
29.40 
29.50 
29.60 
29.70 

27.857 
27.791 
27.725 
27.660 
27.594 
27.529 
27.465 
27.400 
27.336 
27.273 

20.893 
20.819 
20.745 
20.671 
20.599 
20.526 
20.444 
20.383 
20.313 
20.242 

20.172 
20.103 
20.034 
19.966 
19.898 
19.830 
19.764 
1 9.697 

22.286 
22.233 
22.180 
22.128 
22.075 
22.024 

21.972 
21.920 
21.869 
21.818 

16.714 
16.655 
16.596 
16.537 
16.479 
16.421 
16.364 
16.306 
16.250 
16.194 

16.138 
16.082 
16.027 
15.973 
15.9 18 
15.864 
15.81 1 
1 5.758 

1 1.143 
11.116 
1 1.090 
1 1.064 
1 1.038 
1 1,012 
10.986 
10.960 
10.934 
10.909 

8.357 
8.327 
8.298 
8.269 
8.239 
8.21 1 
8.182 

8.153 
8.125 
8.097 

8.069 
8.041 
8.014 
7.986 
7.959 
7.932 
7.905 
7.879 

1 1.952 
1 1.924 
1 1.896 
1 1.868 
11.840 
1 1.812 
1 1.784 
11.756 
1 1.729 
1 1.702 

8.964 
8.932 
8.901 
8.869 
8.838 
8.807 
8.776 
8.746 
8.715 
8.685 

8.655 
8.625 
8.596 
8.567 
8.537 
8.508 
8.480 
8.451 

22.095 
22.043 
21.991 
21.939 
21.887 
21.835 
21.784 
21.733 
21 .682 

21.632 

16.571 
16.512 
16.454 
16.396 
16.338 
16.281 
16.224 
16.167 
16.1 1 1 
16.055 

16.000 
15.945 
15.890 
15.836 
15.782 
15.729 
15.676 
15.623 

11.429 
11.401 
1 1.374 
1 1.348 
1 1.321 
1 1.294 
1 1.268 

1 1.241 
11.215 
1 1.189 

8.571 
8.541 
8.51 1 
8.481 
8.451 
8.421 
8.392 
8.362 
8.333 
8.304 

8.276 
8.247 
8.219 
8.191 
8.163 
8.136 
8.108 
8.081 
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^AOJUSTABLE TIP 

WATERS BAND-ADDER 

40 OR BO METER 
RESONATOR 

COAX FEEDLINE 

f ig . 1. Mul t iband dipole designed for wooden boats by W 2 I N S . This antenna would also be suitable 
for portable and apartment stations. 

portable a l l -band antenna 
Al though the antenna shown in fig. 1 

was designed primari ly for operation on 
large wood boats, it looks ideal for any 
amateur w i t h l imited space. Vert ical an-
tennas are v i r tual ly unmanageable on 
large non-metal boats, and must be con-
stantly retuned, matched and re-reso-
nated; this all-band miniature dipole is 
relatively non-critical, easy to tune and 
easily matched. Al though it can be 
rotated to take advantage of any inherent 
direct iv i ty, most users don ' t go to the 
trouble. The antenna is tuned up on the 
lowest hand of operation (either 40 or 80 
meters) w i th a grid dipper and antenna-
scope. Operation on the higher bands is 
provided by the two Waters Mobile 
Band-Adders. The original design of this 
antenna is attr ibuted to W2INS, and it 
has been bui l t by a number of boat 
enthusiasts w i t h excellent success. 

elmac chirp and drift 
Even though the Elmac AF-67 is f i f-

teen years old, it still has many fine 
attributes. In fact, I just bought one. It 
worked fine on a-m, and it's tailored 
speech characteristics are as desirable 
today as when it originally was designed. 
However, in its original fo rm it had two 
serious flaws that l imited it's usefulness: a 
chirpy cw signal and unacceptable d r i f t 
on 15 and 20 meters. 

The chirp was cured in my uni t by 
regulating the supply to the buf fer /mul t i -
pler stages. A 420-ohm dropping resistor 
and a 10k bleeder along w i t h an OB2 
regulator in series w i th an OA3 provide 

the proper operating voltages (see fig. 2). 
Keying w i t h the new regulated supply is 
clean and chirpless. 

Frequency d r i f t was noticed only on 
15 and 20 meters. A 35-pF variable 
capacitor, C15, is unique on these bands, 

LOW Bt 
FROM 420 

ELMAC PS-2V I0W 
O WV-

T0 BUFFER/ 
MULTIPLIER 

AND DRIVER 
O 

082 

10k 

X)W 

2,4,7 
r n 

fig. 2. Regulated supply eliminates 
chirpy cw signal f rom Elmac A F - 6 7 . 

so it was suspect. Sure enough, when it 
was replaced w i th an ordinary 35 pF 
tr immer the d r i f t disappeared. I mounted 
the t r immer on the bo t tom plate of the 
vfo module because the original position 
was almost inaccessible. 

t carefully examined the faul ty capa-
ci tor and found that only one leaf of the 
rotor shaft contact spring was soldered in 
place—the other leaf maintained electrical 
contact through pressure. I suspect that 
some type of diode action was occuring 
between the pressure spring and the 
mount ing nut, but because of the in-
accessibility of the original mount ing 
posit ion, l d idn ' t put the uni t back in the 
transmitter to run further tests. 

George Hirshfield, W 5 0 Z F 
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i f ^ 
comments 

multiband antennas 

Dear HR: 
First, allow me to congratulate you for 

a fine magazine. Through it many valu-
able and useful data become available to 
those of us who otherwise have no access 
to it; e.g. specifically practical design data 
for semiconductor high-frequency appli-
cations. If you're not employed in the 
business, as I 'm not, such information is 
hard to come by. Although a poor school-
teacher can hardly afford to do much 
with it yet, I clo find it invaluable in 
maintaining a modern perspective in elec-
tronics. 

However, I clo have reservations about 
some things 1 read in your magazine. 
Take for instance Mr. Orr's, "Simple 
Dual-banc! Antennas" in the March issue. 
Now, far be it to deny Mr. Orr's technical 
veracity; I have long found his writings 
both stimulating and correct. But, on the 
basis of some grassroots antenna experi-
ence I 'd like to challenge the practical 
radiating efficiency of his half-wave radia-
tor, folded-into a quarterwave space. I 
don't think that he or anyone else can do 
it. 

Living as I clo in one of those relatively 
small-lot suburban areas this business of 
getting up a good antenna for the 
80-meter cw band is a live, pragmatic 
issue. In facing this issue at my own 
place, and that of my friends, I have 
found that a doublet-type antenna wi th a 
total radiating length of about four-tenths 
of a wavelength (100-foot wire on 80 

meters, or about f i f ty feet on 40 meters) 
is the very minimum length that will 
p roduce satisfactory practical com-
munication results. This, of course, as-
sumes a means of resonating the wire to 
the operating frequency. Furthermore, 
this is independent of the feeding tech-
nique providing it is properly done. 

Now, it's a plain fact that any un-
shielded conductor carrying appreciable 
RF current wi l l radiate. James Clerk 
Maxwell told us as much back in 1870 or 
so. But to merely radiate, and to radiate 
effectively under typical amateur condi-
tions in a ham's backyard, represent 
two different things. 

Let's not talk microvolts per meter or 
things like that—I ' I I define "effective ra-
diat ion" from an antenna as occurring 
when a typical f i f ty-watt (dc input) ama-
teur station in the cw portion of the 
band can successfully compete w i th nor-
mal QRM conditions, achieving at least 
f i f ty percent "comebacks" on calls pro-
perly made under any but contest condi-
tions. Unless Mr. Orr's location is con-
siderably better than mine I ' l l respect-
ful ly bet him a drink that his antenna 
described in fig. 2, page 19 (March, 1970 
issue) wi l l not meet this test consistently 
unless his antenna is more than th i r ty feet 
above "d i r t . " (Most of my friends and 
myself have to work w i th antennas con-
siderably lower than this.) 

Mr. Orr makes much of the satisfac-
tory swr he achieves wi th his antenna. 
This is nice, I suppose, but he could 
achieve an swr of unity very easily merely 
by hanging a 50-ohm, non-inductive resis-
tor across the far-end of his RG-8/U. So 
what? Swr near unity is a desideratum, no 
doubt, but it is no guarantee of a good 
signal as any experienced radioman 
knows. What counts is, "stirr ing up the 
ether" as we used to say back in the 
pre-relativity days. 

I f Mr. Orr would take the wires he 
"folds back," and drop them vertical-
ly down to within five feet of the ground 
at each end (to make the total wire 
length at least 100 feet), then couple a 
good open-wire line to the center instead 
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of that pretty but lossy coax I'll bet he 
would stir-up the ether much more. Of 
course, he'll need a good antenna tuner at 
the bottom end of his feedline but that's 
no problem for a good man. He can then 
run a short piece of coax to his antenna 
relay. Then he'll be in business for blood 
instead of kicks. Furthermore, if he 
makes the tuner coils plug in he can tune 
his antenna for other higher frequency 
bands too with remarkably good results. 
(Why are so many "modern" radiomen 
apparently allergic to the good old tuned, 
open-wire line? What's so sacred about 
coax?) 

Let me put results where my mouth is: 
last winter I was interested in some QRP 
work with a small 8-watt (input) trans-
mitter on 80-meter cw. My first attempts 
were with an approximately quarter-
wave-long doublet. I made a contact or 
two but not much lun. Then I hung 
about fifteen feet of wire on each end of 
the doublet. One would think that I had 
jacked up the eight-watter and put a 
hundred watter in its place! I soon 
worked all districts with my pipsqueak 
and had many long, solid ragchews. Lots 
of fellows thought I was kidding them 
when I told them my input was only 
eight watts. So, who is correct here, 
James Clerk Maxwell, Mr. Orr, or yours 
truly? Probably all of us somehow or 
other. But I hope I've stirred-up a little 
thought—and maybe an anti-coax revolu-
tion. 

C. R. Rockey, W9SCH/W9EDC 
Deerfield, Illinois 

make mine Canadian club 

Of course, Mr. Rockey is correct. And 
so are James Clerk Maxwell and /. AH 
practical antennas are a series of compro-
mises. The finesse comes into play in 
selecting compromises available to best fit 
the situation. 

The antenna in question, a compact 
folded dipole, works. 4s my first witness, 
enclosed is a photo and drawing of the 
Russian Sputnik III space satellite which 
bristles with folded monopoles (eight in 

all). A similar form of antenna is often 
used for glide-slope detection on jet 
aircraft (see Antenna Engineering Hand-
book, first edition by Jasik, McGraw Hill, 
N. Y., section 27-5). 

Personally, I've used an 80-meter 
sixty-five foot folded dipole about 20 
feet in the air for local skeds (up to 500 
miles or so using 180 watts PEP input). No 
difficulty was experienced in laying down 
a strong signal with the abbreviated an-
tenna. 

Some years ago I used a vertical 
monopole version of this antenna 
squished down to 22 feet with four 
full-size radials. Using a kilowatt on 80 
meters WAC was achieved including many 
European Contacts—which really separate 
the men from the boys on the West Coast 
(antennawise). 

Finally, / take mild issue to Mr. 
Rockey's claim that a 100 foot antenna is 
the very minimum length that will pro-
duce satisfactory results on 80 meters. 
Look about at the eight-foot antennas 
that are used every day: they are called 
mobile whip antennas. (You can use two 
of them back to back for a pretty good 
sixteen foot dipole, too!.) 

/ demur from entering the coax-versus 
open wire line discussion. Using open 
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wire line, in my opinion, is like washing 
your feet with your socks on. 

On second thought, I'll reserve that 
drink offer until / meet Rock. He sounds 
like a great guy. Maybe we'll get together 
some day for a chat and I'll order two CC 
on the rocks. Bottoms up!. 

William I. Orr, W6SAI 

a-m modulator 

Dear HR: 
In reference to Mr. Hall's article "A 

Different Approach to Amplitude Modu-
lation," (ham radio, February, 1970) it 
should be pointed out that some undesir-
able aspects are associated with this type 
of approach. Although this modulation 
technique does eliminate the modulation 
transformer and the conventional class-B 
modulator transistors, it is interesting to 
examine the trade-offs involved. 

Basically, the method described con-
sists of modulating the power supply 
series regulator transistor. The problem 
arises from the unusually high dissipation 
this system requires of the regulator 
transistor. Unlike conventional modula-
tion where the rf amplifier collector 
current flows through the low resistance 
secondary of the modulation transformer, 
this method requires that the entire rf 
amplifier current flow through a regulator 
transistor which must have a voltage drop 
across it greater than the supply voltage 
to the rf amplifier. This means that the 
average regulator transistor dissipation 
will always exceed the entire input to the 
transmitter rf amplifier. 

Although the article makes reference 
to the fact that efficiency is low, the 
figures quoted are somewhat misleading 
because they are bases on 100% sine-wave 
modulation. In practical use involving 
voice modulation and normal pauses be-
tween words, the quiescent dissipation 
becomes more significant from a heat 
producing standpoint. Since the idling 
current for conventional class-B modula-
tor transistors is quite low, Mr. Hall's 
method would require nearly twice the 
input power in the quiescent state. This is 

a situation similar to running the modula-
tor transistors of a conventional system in 
class A. 

Although the regulated power supply 
would probably be used with either 
method, with conventional a-m the mod-
ulator would not normally be supplied 
from the regulated output. Therefore, the 
regulator transistor dissipation would be 
modest since the power transformer volt-
age would be selected such that only a 
few volts are dropped across the regulator 
transistor. 

The fact that this amplitude modula-
tion method requires twice the normal 
supply voltage and, therefore, consumes 
twice the amount of power (idling) would 
probably preclude its use with battery 
operated equipment. The choice of this 
circuit for ac operated (or mobile) equip-
ment should be quided by whether it is 
practical to dissipate the additional heat 
produced. The space savings facilitated by 
eliminating the modulation transformer 
and transistors may conceivably be offset 
by the additional heat sink area required 
to satisfy regulator transistor temperature 
requirements. 

Jerry Manikowski, W9JGV 
Hanover Park, Illinois 

In reply to Mr. Manikowski's remarks 
about my article, I wish to thank him for 
bringing up the fact that the efficiencies 
mentioned in the article are misleading 
because they are based on 100% sine 
wave modulation. His point is well taken, 
and / am guilty of an oversight there. 

The "usually high dissipation" re-
quired of the regulator transistor is the 
price that must be paid for elimination of 
the conventional modulator. It was not 
my intention to imply that this modula-
tion approach offered something for 
nothing; rather, it is presented for its 
novelty and because it requires no modu-
lation transformer. It is hoped that some 
builders will find the scheme useful in 
some applications, as indeed one has. 

Courtney Hall, WA5SNZ 
Dallas, Texas 
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instrumentation amplifier 

A low-cost self-powered IC signal con-
ditioner with continuously variable volt-
age gain from one to greater than 1000 
has been announced by Integrated Con-
trols, Inc. Input impedance is greater than 
100 megohms on the lower gain ranges, 
and the input overvoltage capability is 
±30 Vdc continuously. The output is 
short-circuit proof, and current limits at 
20 niA. The gain-bandwidth product is 
700 kHz, low-frequency noise is typically 
10 / j V , and gain stability is typically 
better than 100 ppm/°C. Operating tem-
perature range is zero to +70° C. The 
mercury battery pack provided permits 
greater than 1000 hours of continuous 
operation exclusive of transducer excita-
tion. $85 from Integrated Controls, inc., 
P. O. Box 17296, San Diego, California 
92117. 

general-coverage receiver 

The new Knight-Kit model R-195 
solid-state communications receiver kit 
tunes the international and domestic 
shortwave bands, marine weather and 
navigational beacon bands plus the stand-
ard a-m broadcast band. (Frequencies are 
200-420 kHz, 550-1800 kHz, 1.8-12 
MHz.) The receiver includes a tuned rf 
stage for high sensitivity and low noise, 
and the large illuminated slide-rule tuning 
dial makes tuning easy. 

Field-effect transistors are used in the 
front end for high sensitivity with low 
cross modulation, and ceramic i-f filters 
provide selectivity and interference rejec-
tion. Sensitivity is better than 2 juV for 
10 dB signal-plus-noise to noise. Selec-
tivity is 4.5 kHz at the 6 dB points. Other 
features include series-gate automatic 
noise limiter, avc, built-inbfo and product 
detector, remote receiver muting connec-
tions, built-in speaker and headphone 
jack. 

The R-195 receiver kit is priced at 
$89.95. Knight-Kit's new modular con-
cept makes assembly of this kit easy even 
if you've never built a kit before. Most 
parts are already soldered to the printed-
circuit boards, and all critical adjustments 
have been made at the factory. All the 
builder has to do is follow the detailed 
step-by-step instructions and solder the 
connections between circuit boards. Full 
description of this new receiver can be 
found in Allied 1970 catalog, sent free on 
request from Allied Radio Corporation, 
100 N. Western Avenue, Chicago, Illinois 
60680. 
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test equipment catalog 
A new 44-page test equipment catalog 

from Tucker Electronics describes over 
2000 different test instruments and 
microwave components for sale or rent. 
Most of the listed items are either new-
surplus or used-reconditioned; a l l a r e 

calibrated to the manufacturer's original 
specifications by a calibration laboratory 
(traceable to N.B.S.). Included in the 
catalog are voltmeters, transfer standards, 
signal generators, oscilloscopes plus many 
others; manufacturers include Dumont, 
Fluke, General-Radio, Hewlett-Packard, 
Polarad, Tektronix and others. For a 
copy of catalog no. 18, write to Tucker 
Electronics Company, P. 0 . Box 1050, 
Garland, Texas 75040. 

communication receiver 

The new Drake SPR-4 communica-
tions receiver is an all solid-state unit that 
may be programmed to suit your present 
and future interests. The front-end of this 
.new receiver uses a dual-gate mosfet that 
provides signal-handling characteristics 
that are said to be superior to the best 
tube receivers. The all solid-state design, 
of course, has the advantages of low 
power consumption, mechanical and ther-
mal stability and reliability. 

The SPR-4 can be programmed with 
accessory crystals for 23 ranges (each 
tuning a 500-kHz band) from 0.5 to 30 
MHz plus 150 to 500 kHz. Crystals 
supplied with the receiver gllow coverage 
on these ranges: 150-500 kHz, 0.5-1.0 
MHz, 1.0-1.5 MHz, 6.0-6.5 MHz, 7.0-7.5 
MHz, 9.5-10 MHz, 11.5-12 MHz, 15-15.5 
MHz, 17.5-18 MHz and 21.5-22 MHz. 

These r.anges cover the most popular 
short-wave listening frequencies and in-
clude aircraft radio and weather, marine 
ship and shore stations, high-frequency 
communications, WWV standard time sig-
nals, foreign broadcast, CB and amateur 
radio. 

This new receiver features avc on a-m, 
cw and ssb with time constants selected 
for optimum effectiveness on each mode. 
Audio output is held constant within 3 
dB over a 100-dB range of input signals. 
Sensitivity on ssb and cw is 0.25 juV for 10 
dB signal-plus-noise to noise ratio. Hum 
and noise are more than 60 dB below rated 
output. Accessories include a matching 
speaker, crystal calibrator, noise blanker, 
loop antenna, and transceive adapter that 
allows full transceive operation with 
Drake T-4B and T-4XB transmitters. The 
model SPR-4 is priced at $379.00. For 
more information, or the name of your 
local dealer, write to R. L. Drake Com-
pany, 540 Richard Street, Miamisburg, 
Ohio 45342 

eimac application bulletin 

The new Eimac 4CX600 family of 
ceramic-metal tetrodes is designed to 
meet the demands of modern communi-
cations systems. These new tubes are 
ruggedized, compact, radial-beam tet-
rodes for use up to 890 MHz. Closely 
controlled parameters plus state-of-the-art 
assembly and testing permit an extremely 
high-gain bandwidth product and low 
intermodulation distortion level to be 
achieved simultaneously. 

Eimac's Application Bulletin number 
14 covers these tubes in detail and 
includes circuits for a tunable 140-250-
MHz stripline amplifier, a 432-MHz cavity 
amplifier, a 150-MHz class-B amplifier, as 
well as many others. This bulletin, which 
normally sells for S1.50, will be available 
free of charge to the first 100 readers of 
ham radio who write to Bill Orr, W6SAI, 
Advertising Manager, Eimac Division of 
Varian, 301 Industrial Way, San Carlos, 
California 94070 
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vhf fm transceiver 

The new Varitronics IC-2F fm trans-
ceiver for two meters (and IC-6F for six 
meters) provides a full 20 watts input 
with 12 or more watts out. New innova-
tions in these units include APC (auto-
matic protection circuit) which consists 
of an swr bridge and two dc amplifiers 
that bias the power-amplifier and driver 
transistors off if the unit sees high vswr in 
the transmit mode. This saves the trans-
istors from possible damage. In addition, 
direct access is provided to the discrim-
inator so an outboard zero meter can be 
used, and all switching is done electron-
ically, eliminating problems with relays. 
These new transceivers also include a dc 
input filter that does away with alterna-
tor hash, a squelch circuit that uses 
thermistors to eliminate temperature-
induced squelch drift, a hinged chassis for 
easy servicing, test points brought up from 
boards for easy voltage, current and 
frequency checks, a low-pass output 
filter, and zener-regulated supply voltages 
for all oscillators. 

The receiver features a quiet fet front 
end with ceramic filters and integrat-
ed-circuit i-f stages. Actual sensitivity is 
below 0.2 iuV for 20 dB quieting. 

Units are supplied complete with 
crystals, microphone, mounting bracket, 
plugs and dc cabling. The only accessory 
is the ac power supply (IC-3P). This 
power supply incorporates a sensitive 
zero-type discriminator meter, and is des-
igned to provide a stand for the trans-
ceiver. Hardware is provided to mate the 
transceiver and the ac power supply into 
one neat compact unit, if desired. For 

more information on the new IC-2F and 
IC-6F, write to Varitronics Incorporated, 
3835 North 32nd Street, Suite 6, 
Phoenix, Arizona 85018. 

decoder/driver ic 

Motorola's new BCD-to-decimal de-
coder/driver. the MC9860/9760, converts 
a four-bit complementary BCD code 
into a one-of-ten output with sufficient 
voltage to drive a neon-filled display tube. 
The high-voltage output transistors in the 
ICs allow direct operation of the display 
tube without background glow. With the 
M C 9 8 6 0 / 9 7 6 0 d ec od e r/d river, 
MC867/767 quad latch and MC880/780 
decade up counter, designer can build a 
completely integrated readout system 
that is smaller, faster, and less expensive 
than conventional systems. Supplied in 
the 16-lead dual in-line plastic package, 
the MC9760P sells for $5.55 in small 
quantities. For more information, write 
to Technica l Information Center, 
Motorola Semi-conductor Products, Inc,. 
Box 20924, Phoenix, Arizona 85036. 

lightning arrestor 

A lightning arrestor originally devel-
oped for protecting military communica-
tions equipment is now available to radio 
amateurs. This new arrestor, the Dale 
Electronics LA-8A4C, provides perma-
nent protection from lightning damage to 
your radio equipment. This arrestor has 
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been proven so reliable that Dale Electro-
nics will pay you $2000 if a properly-
installed LA-8A4C fails to protect your 
equipment from lightning damage. The 
ultra-reliable LA-8A4C can withstand five 
direct strokes of lightning, eliminates 
heavy static buildup and installs easily in 
any 52- or 72-ohm coaxial feedline. 
S 19.95 is the standard price for the 
arrestor-the added protection of the 
$2000 warranty policy costs you nothing. 
Dale Electronics, Inc., P.O. Box 609, 
Columbus, Nebraska 68601. 

fm t r a n s c e i v e r 

Galaxy Electronics has announced a 
new two-meter fm transceiver, the 
FM-210. This new solid-state unit 
features a high-performance fet-front-end 
transceiver and 3-channel crystal-con-
tro l led independent transmit/receive 
selected by front panel controls, highly 
effective squelch system and a speech 
compressor for optimum intelligibility 
under adverse operating conditions. The 
FM-210 is designed for operation from 
12- to 14-Vdc supplies; an optional power 
booster provides higher power operation 
from either 12-14 Vdc or 117 Vac. Total 
power drain in the receive mode, with the 
audio squelched, is 60 mA; during trans-
mit the current drain is 500 mA. 

Receiver sensitivity is 1 uV for 12 dB 
quieting; 0.5 uV for 12 dB $ I N A D . On 
transmit the unit runs 5 watts input (3 
watts out), and with the optional power 
booster, 10 watts input (6 watts out). 
The power booster is actually a dc-to-dc 
converter that provides 24 Vdc to the 
final power amplifier transistor. The 
transceiver also includes adjustable band-
width, 2 to 20 kHz, and an adjustable 
clipping filter that provides up to 30 dB 
clipping. The FM-210 is normally con-
figured for wideband operation; narrow 
band is available on special order. 

For more information on this new 
unit, write to Galaxy Electronics, 10 
5outh 34th Street, Council Bluffs, Iowa. 
The transceiver is priced at $299.95; the 
optional power booster is $39.95. 

Two meter fm is qufck and easy with 
the DYCOMM VHF FM RF AMP 

THIS PROFESSIONAL FM RF AMPLIFIER 
IS THE SAME AS USED IN THE 
DYCOMM 101 VHF FM MARINE 

RADIOTELEPHONE 

Use it for FM or CW or as driver 
for HI POWER amplifier 

COMPARE THESE OUTSTANDING 
FEATURES: 

Cleanest Carrier you ever put out — No 
spurious emission with any combination 
of drive, load or power supply variation. 

All Silicon-Plug in Transistors 
Wide Band — no tuning required 140-150 

MHz 
Low Power Consumption — t 12V @ 1.5A 

for 10 W Min Output 
Ideal for Remote Location, or repeater/ 

mobile use. 
Low Drive Required — less than 100 Mw 

for 10 W output 
Use up to 150°F Ambient with no derating 
• Hi reliability 

• Hi efficiency 
• Very compact Low cost 

Furnished with complete use information 
and schematic 

PRICE: $59.95 
ready to plug iri and get out 

220 MHz Model available 
Dealer Inquiries Invited 

For more Info Call or Write — 
Jim W4MRI Joe W4ZUW 

Lew W7BCD 
(305) 844-1323 

DYNAMIC COMMUNICATIONS 
301 BROADWAY 

RIVIERA BEACH, FLA. 33404 
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short circuits 

Conversion of the Hailicrafters 
SR-160 to an SR-500 (to gain greater 
power output), cannot be done as des-
cribed on page 66 of the February, 1970 
issue. The biggest problem lies in the 
filament circuit—the 8236 tubes have 
6-volt heaters and wil l be immediately 
zapped if the SR-160's 12-volt filament 
circuit isn't changed. 

high-frequency converter 
The crystal oscillator stage in the 

high-frequency mosfet converter shown 
on page 30 of the January, 1970 issue is 
incorrect. Each of the crystals should be 
returned to the base of the 2N4124 
oscillator stage, not to ground. Also, the 
unlabeled capacitor across L5 in the 
mixer drain circuit should be 170 pF. 

varactor modulator 
In the frequency-modulated crystal 

oscillator in fig. 10, page 18 of the 
September, 1969 issue, the MV-833 va-
ractor is installed backwards. The diode 
must be reverse biased for correct opera-
tion. 

432-MHz ssb converter 
The B+ supply to the crystal oscillator 

in fig. 1, page 50 of the January, 1970 
issue should come directly from the 
positive terminal of the OC5 voltage-
regulator tube. Also, the oscillator B+ 
lead should be bypassed with a uhf-type 
feedthrough capacitor, and the cathode 
bias resistor in the 6J4 grounded-grid 
amplifier stage should be 56 ohms. 

ic noise blanker 
The 47k resistor in the emitter circuit 

of the Schmit trigger in fig. 3, page 54 
of the May, 1969 issue should be 47 
ohms. The circuit wil l not trigger reliably 
unless this resistor is less than 150 ohms. 
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2K48 
2K (any digits) 
3-400 
3-1000 
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3B28 
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9C21 
9C25 
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891 
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Please send us your surplus inventory 
klists. We want to buy other tubes and 
kTX — RX — test equipment. 
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\ a second look j'ir 

Do you remember the days when the 
upper frequency limit of transistors was 
limited to a few hundred kHz? The days 
when the basement experimenter would 
sort through a box of new transistors 
hoping to find at least one device that he 
could use in a 455 kHz i-f strip? Some 
semiconductor scientists even doubted 
that high-frequency transistors could be 
manufactured. Then Philco came out 
with the SB-100 surface-barrier transistor 
and practical high-frequency rf circuits 
started appearing in the magazines. After 
that came Fairchild's Planar process, and 
the gradual but major changeover from 
germanium to silicon. Since then im-
proved manufacturing techniques have 
resulted in transistors with higher fre-
quency capability, lower noise output 
and larger power dissipation than we 
could have imagined-and the end is not 
in sight. 

Microwave power transistors, although 
still too expensive for amateur applica-
tions, have been available for some time. 
However, for the most part power levels 
have been limited to the milliwatt range. 
Power limits have been slowly creeping 
up though, and this summer Fairchild is 
expected to market 10-watt power tran-
sistors for operation at 2000 MHz. It is 
reported that they will also introduce 
some new low-noise small-signal devices 
with very high gain-bandwidth products. 

Although not too many hams venture 
into the world of the super-high frequen-
cies, IBM 's research division in Switzer-
land has come up with a gallium-arsenide 
field-effect transistor that exhibits more 
than 3-dB gain at 17,000 MHz. From data 
gained in their laboratories it appears that 
the maximum oscillation frequency for 
this device may be as high as 30,000 
MHz. This is at least 2V2 times higher than 
any current models. 

The new gallium-arsenide transistor is 
called a mesfet—metal semiconductor 
field effect transistor, and uses a Schott-
ky barrier gate, rather than the more 
familiar insulated-gate arrangement. A 
rectifying contact is established directly 
at the metal-semiconductor's surface. A 
chromium-nickel-gold sandwich, 40 mil-
lionths of an inch wide and 8 thousandths 
of an inch in diameter, forms a circular 
gate that completely surrounds the cir-
cular-shaped drain. 

From another part of the semi-
conductor world comes a microwave 
diode packaged in a 1N23 rectifier cart-
ridge that produces peak powers of 1.2 kW 
at 1100 MHz. A result of work at RCA, 
the device actually consists of five ava-
lanche diodes in series. Avalanche diodes 
use drift time, that old bugaboo of 
vacuum tubes, to generate microwave 
power. Bunched current carriers drift 
through the solid-state crystal of the 
diode and deliver rf power by causing an 
external circuit current 180° out of phase 
with the voltage. These diodes are often 
referred to as IMPATT devices (from 
IMPact Avalanche Transit Time), and are 
like klystrons in some respects since both 
use transit time and current-carrier 
bunching in their operation. 

Because of high cost, it's doubtful that 
any of these devices will see widespread 
amateur use in the immediate future, but 
the nature of semiconductor manufac-
turing is such that as techniques improve, 
yields go up, and prices come down. 
Remember when a new CK722 audio 
transistor wiped out a ten-dollar bill? 
Today you can buy an equivalent device 
for and if you're willing to take a 
chance, $1 the bagful. 

Jim Fisk, W1DTY 
editor 
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inductively-tuned 
high-frequency 

tank circuit 

Radio frequency amplifiers require a cer-
tain critical value of plate circuit imped-
ance and Q for optimum performance at 
any frequency. Design deviations may lead 
to higher levels of intermodulation distor-
tion or excessive harmonic radiation. While 
the design requirement may be quite 
tolerant in some cases, the mechanical 
assembly of the components and the 
choice of proper values become increasing-
ly critical as the operating frequency nears 
the upper region of the hf spectrum. It is as 
though a "shadow region" exists that's too 
high for conventional lumped circuit com-
ponents, yet is too low for conventional 
vhf linear and stripline techniques. The 
"shadow region" extends roughly from 27 
through 54 MHz. 

Above 27 MHz or so, the construction 
of a conventional high-power plate-tuning 
circuit having good Q and good efficiency 
can be vexing, as residual tube and circuit 
capacitances combine to assume a major 
portion of the tank circuit capacitance. 
It's possible, in fact, for this residual 

A method 

for achieving | 

high efficiency in 

the "shadow region" 

between 

14 and 54 MHz 

> •s 
c o 
CA 
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capacitance to be much larger than speci-
fied for proper design considerations. The 
unusually high circuit capacitance may 
lead to unreasonable Q and high circulating 
tank current, resulting in poor over-all 
efficiency and excessive heat loss in the 
tank circuit. 

inductive tuning 
To achieve good circuit efficiency and 

proper Q in the upper portion of the hf 
spectrum, it is convenient to resort to a 
different mechanical configuration than is 
commonly used at lower frequencies. One 
way to overcome problems of efficiency 
and Q is to reduce residual circuit capaci-
tance to an absolute minimum by re-

27 and 54 MHz. The plate tank is a 
conventional pi network, inductively 
tuned by a shorted turn within the plate 
coil. The turn (or "slug") is moved into and 
out of the coil by a lead screw driven from 
a counter dial mounted on the amplifier 
panel. Tank circuit values were derived 
from pi network charts J 

The amplifier uses a pair of parallel-
connected 3-1000Z high-mu triodes in a 
groundkl-grid, cathode-driven circuit with 
zener diode bias.^ The combined output 
capacitance of the tubes is approximately 
15 pF. Stray circuit capacitance from plate 
to ground is less than 10 pF, which 
provides a minimum input capacitance 
(C1) for the pi network of about 25pF. 

fig. 1. Inductively tuned 
tank circuit using conven-
tional component values. 
C1 is the residual circuit 
capacitance plus tube 
O u t p u t c a p a c i t a n c e . 
Resonance is achieved by 
a variable shorted turn 
moved inside L . 

3-IOOOZ J-/0002 I I 

.001 
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moving the cause of the largest portion of 
this unwanted capacitance: the tank 
tuning capacitor. Circuit resonance can 
then be established by including a fixed 
capacitance combined with a variable 
inductor. 

The inductor can be a fixed, high-Qcoil 
having a low-loss shorted turn introduced 
into one end. As the turn is moved within 
the coil, coil inductance is reduced, and 
resonance is established by correctly posi-
tioning the shorted turn (fig. 1). The rf 
current in the shorted turn is high com-
pared to the coil current; however, if the 
turn is of homogeneous structure and 
low-resistance material, turn losses will be 
small. 

Shown in the photographs is a commer-
cial 5-kW input PEP linear amplifier 
designed for any 500-kHz range between 

Additional capacitance can be added for 
operation at lower frequencies. Ceramic or 
vacuum padding capacitors can be used for 
this purpose. 

construction 
Tank-circuit inductance is calculated 

for the low-frequency end of the tuning 
range in the usual manner. As the shorted 
turn is driven into the plate inductor, its 
inductance decreases, and resonant fre-
quency increases. A range of about 500 
kHz or so can be obtained with this 
assembly. 

Construction details are shown in fig. 2. 
The shorted turn is a section of seamless 
copper water pipe 1-% inches O.D. by 3 
inches long. Discs of insulating material are 
cut to fit into the ends of the pipe and are 
held in position with small pins or rivets. A 
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SHORTED-TURN ASSEMBLY 

1.750 OD X 1620 ID 
COPPER TIME 

SHORTED TURN 

NO F DRILL 10.257) 
IN 3 PLACES 
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INSULATING DISC 
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£ 01 AM (2 PLACES) 
to 

FRONT MOUNTING PLATE 

fig. 2. Mechanical details of the shorted-turn assembly. 

DIAM (2 PLACES) 

REAR MOUNTING PLATE 

threaded bushing is attached to one disc, 
through which the drive shaft extends. The 
shaft is %-inch-diameter copper rod, 
threaded with a %-20 die. Two fiberglass 
guide rods are mounted between the end 

support brackets to keep the shorted turn 
from rotating as it's driven back and forth. 
The threaded drive shaft is driven from the 
amplifier panel by an insulated extension 
shaft and an insulated coupling. The 
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shorted t u r n is u n g r o u n d e d at a l l t imes, 

and no moving parts carry rf current. 
The plate tank coil is wound with 

%-inch-diameter silver plated copper 
tubing with an I.D. of 2-Va inches, pro-
viding ample clearance for the shorted turn 
to move within the coil without danger of 
arcing. Heavy-duty copper mounting lugs 
are silver soldered to the coil. Resonance is 
initially established with a grid-dip oscilla-
tor. Indication of resonance is quite broad. 
Loading is accomplished with the pi 
network variable output capacitor, C2. 

v a l u e w i l l c a u s e excess ive f u n d a m e n t a l rf 

power to dissipate in the parasitic resistor. 
The proper value of shunt inductance, 
while not particularly critical, should be 
determined for the operational range of 
the amplifier in each case. 

The amplifier shown in the photographs 
was designed for commercial service and is 
included in a shielded cabinet as part of a 
larger package. A similar design using 
4-1000A's has been built for commercial 
ssb service at the 6-kW PEP level-but 
that's another story. The basic design is 

top view of the high-power commercial amplifier. Inductively tuned tank is shown at rear. Tuning is 
the same as with a variable capacitor, except inductance decreases as shorted turn penetrates coil. 
Parasitic suppressors have been removed for this photo. 

parasitic suppression 
An important consideration in plate-

circuit design is a parasitic suppressor. In 
this amplifier parasitic suppressors are 
included in each plate lead. Each suppres-
sor is a 40-ohm, 16-watt G/o-bar resistor 
shunted across an inductor, which consists 
of a length of plate lead. The value of the 
shunt inductance is important. A too-small 
value won't completely suppress the ten-
dency for vhf parasitics, and a too-large 

adaptable to any high-power amplifier 
operating in the upper region of the hf 
spectrum. 

references 

1. William t. Orr, "Pi and Pi-L Networks for 
Linear Amplifiers," ham radio. November, 1968, 
page 36. 
2. William I. Orr, "The 3-500Z in Amateur 
Service," ham radio, March, 1968, page 56. 
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With transistors in their present state of 
development, it hardly seems worthwhile 
to use vacuum tubes in receiver circuits. 
At one time it could be argued that cost 
was a factor, but things have changed. 
For example, the RCA 40673, a gate-
protected dual-gate mosfet, costs about 
$2.00. In a mixer circuit it will do the 
same job as a 68E6, but with fewer 
components and less power. The mosfet 
costs a few cents more than the tube, but 
you can eliminate a screen dropping 
resistor, screen bypass capacitor, and tube 
socket, and a big power supply isn't 
required. 

Several mosfet's are available at less 
than a dollar, such as the RCA 40468 
(75c). Very few tubes can be obtained for 
this amount. For about $4.00 you can 
buy not one, but four IC audio amplifiers 
in one package: the RCA CA3048. Are 
you convinced? 

system description 
The solid-state receiver described in 

this article is used with the components 
shown in fig. 1. A recommended conver-
ter is described in reference 1. Typical 
circuits for the vfo, or local oscillator, 
appear in reference 2 and 3. The 80-meter 
tuner is described in reference 4. 

features 
The solid-state receiver uses mosfet's 

in rf and mixer stages to reduce cross 
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modulation. IC's are used in the product 
detector and audio amplifier. A 9-MHz 
crystal filter is used for ssb reception. An 
additional crystal filter, operating at 
2.215 MHz, with a 250-Hz bandwidth, 
provides passband tuning. This allows the 
i-f passband to be shifted a limited 
amount without changing the beat note 
of received signals. Another feature is 
that the i-f system provides reception 
over a 2.8-kHz bandwidth while allowing 
you to boost the one signal you're inter-
ested in. 

the 2.215-MHz filter. The filter output is 
then converted up to 9 MHz and applied 
to the product detector. 

The 11.215-MHz oscillator frequency 
is variable over a small range, so that any 
slice within the 9-MHz filter bandwidth 
can be passed through the 2.215 MHz 
filter. Varying the 11.215-MHz oscillator 
frequency doesn't change the beat note 
of any signal, because the same frequency 
is fed to both mixers. Thus it's easier to 
keep track of the signal you're trying to 
receive. 

fig. 1. Integrated re-
ceiving system for 
high performance and 
v e r s a t i l i t y . Recom-
mended circuits for 
the converter, 80-
meter tuner, and vfo 
are given in the refer-
ences. 

operation 
A block diagram of the solid-state 

receiver appears in fig. 2. Output from 
the 80-meter tuner, 3.5-4.0 MHz, is 
mixed with the vfo signal, 5.5-5.0 MHz, 
to produce a 9-MHz difference signal. 
This is applied to the crystal filter. If the 
entire 2.8-kHz bandwidth of this filter is 
desired, 9-MHz i-f amplifier gain is in-
creased. This allows you to hear what's 
going on within 2.8 kHz when listening 
for cw stations, or allows audio compo-
nents to come through when receiving 
ssb. 

selectivity 
If you wish to listen to only one cw 

signal in interference, the 9-MHz i-f gain 
is turned down, and the gain of the two 
mixers on each side of the 2.215-MHz 
filter is turned up. The 11.215-MHz 
oscillator is turned on and tuned so that 
the desired signal is converted down to a 
frequency that's within the passband of 

detector 
The 9-MHz signal, from either the 

9-MHz i-f amplifier or from the second 
mixer in the 2.215-MHz filter system, or 
both, now reaches the product detector. 
Here it's mixed with the output of a 
crystal oscillator operating at 9.0015, 
8.9985, or 8.99745 MHz. The first two 
frequencies allow sideband selection on 
ssb, and the third allows standard tones 
of 2125 and 2975 Hz to be obtained 
from an R T T Y signal centered in the 
9-MHz filter's passband. Product detector 
output is then applied to an IC op amp, 
in which most of the receiver's gain is 
produced. 

af amplifier 
With most of the system gain devel-

oped in the af stage, cross modulation is 
minimized because the rf signals are at 
low level in the preceding stages. The af 
amplifier will drive a pair of crystal 
headphones; however, a power amplifier 
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is required if you want to use a speaker. 
The af stage drives a one-stage ampli-

fier, whose output is rectified to provide 
amplified age. This stage's output also 
drives an S meter through an emitter 
follower. 

the presence of strong signals. Automatic 
gain control is also applied to the mixer, 
and a diode gate passes the appropriate 
signal to control stage gain. 

Mixer output is coupled through a 
tuned circuit ta a McCoy 48B1 crystal 

SO - METER 

TUNER INPUT 

(3.5-4QMHl) (•} 
MIXER 

LOCAL OSCILLATOR INPUT 

(5.5 - S.OMHr) 

t 

+24VDC 

9-MHz 

CRYSTAL 
FILTER 

VOLTAGE 
REGULATOR 

t-ISVDC 

9-MHl 

I-F AMPLIFIER 

PRODUCT 

DETECTOR 

AUDIO 

AMPLIFIER 

tUX) OUTPUT 

9-MHl 
CRYSTAL 

9F0 

2.215- MHz 

FILTER 
MIXER 

H&5-MH, 

CRYSTAL 

OSCILLATOR 

AGC 
AMPLIFIER 

AND 
RECTIFIER 

S-METER 

EMITTER -

FOLLOWER 

3-METE* 

fig. 2. Funct ional block diagram. Filter and oscillator frequencies are nominal; see text. 

Power is obtained from unregulated 
positive and negative 24-volt supplies. A 
simple 15-volt regulator supplies power 
for the fet's and ICs. 

the circuits 
The first mixer, input tuned circuit, 

and i-f system are shown in fig. 3. An rf 
amplifier isn't used, because the mixer 
gives adequate sensitivity for either 
80-meter operation direct from the anten-
na, or from other bands wi th a converter. 
Omitt ing an rf amplifier reduces cross 
modulation from strong signals by 
keeping input-signal gain low preceding 
the filter. The input circuit is from a 
solid-state receiver that appeared in an-
other article.^ 

mixers 
A manual gain control reduces gain in 

filter. Although the Miller 1740 and 1741 
transformers have two windings, I ob-
tained more gain by using only one 
winding as shown; probably because the 
windings are loosely coupled. Filter out-
put is coupled to the i-f amplifier, and the 
otherwise unused output coil winding is 
used to neutralize the stage. Neutrali-
zation is necessary to reduce feedthrough 
when stage gain is reduced and the 
narrowband section is used. 

Mixer Q3 converts the 9-MHz i-f signal 
to 2.215 MHz, which is passed through 
the narrowband filter. Mixer Q4 then 
converts whatever signal manages to get 
through the filter to 9 MHz, which is 
applied to the product detector. Since 
both mixers use a common oscillator, the 
frequency that comes out of Q4 is the 
same as that which went into Q3; there-

1 2 0 j u l y 1 9 7 0 



fore, if the signal can be heard at all, it 's 
beat note is the same regardless of which 
i-f went through or the tuning of the 
11.215-MHz oscillator. 

The tuning of the 11.215-MHz oscilla-
tor determines what portion of the wide 

MHz, because 9 0 0 2 k H z won ' t pass 
through both filters. Therefore, the oscil-
lator must cover 11.2136 to 11.2164 
M H z and no more. 

A variable capacitor across the crystal 
varies its frequency over this narrow 

RCA 40673 
01 

3.5-4MHr 
INPUT 

Dl, 02, 03, 04, OS, 06 • IN4I48 
'm^fti 

O—OW5V 

C 1 . C 2 100 pF (Hammarlund HF-100) 

C3 5 pF must be chosen for individual 
crystal (see Text) 

L I 23 turns Airdux 632-T, tap at IV2 
turns, 32 tpi, W diameter 

L2 

L3, L4 

L5 

28 microhenries (CTC 2060-4) 

63 microhenries (CTC 2060-6) 

15 turns no. 22 wire on 3/8" diam-
eter slug-tuned form (CTC 1534-2-2) 

Y 4 11.215 M H z crystal 

fig. 3. Rf and i-f circuits. Features include low intermoduiation products and passband i-f tuning for cw. 

filter's passband goes through the narrow 
system. To get reasonable sensitivity and 
make best use of the filters, it's necessary 
that a slice within the wide filter's pass-
band be converted to the frequency of 
the narrow filter. The wide filter passes 
frequencies between 8998.6 and 9001.4 
kHz. It will do no good to convert a 
frequency of, say, 9 002 kHz to 2.215 

range. C2 is a front-panel control for 
moving the passband, and C 3 and C4 
limit the variation so that C2 ' s tuning will 
be less critical. Some experimentation 
will be needed to arrive at the correct 
values for C 3 and C4. 

The six-inch length of shielded wire 
could have been avoided with better 
layout. N o trouble has been experienced 
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+ S4V 

D7t 08, 09, PIO • IN4I48 

fig. 4. Product detector, af stage, and regulated 

power supply. The MC1545 acts as a double 

balanced modulator; output is the sum and 

difference of input frequencies. 

CI , C2, C3Trimmers {Arco 402) 

Y l , Y2, 

Y 3 

8.9985 and 9.0015-MHz crystals 

included with McCoy 48B1 filter 

8.99745-MHz (or 9.00255-MHz) 

crystal 

with feedthrough around the fitter 
through the common oscillator connec-
tion, nor has the 11.215-MHz oscillator 
caused any birdies. 

product detector, audio and age 
Fig. 4 shows the product detector, 

bfo, audio amplifier, and amplified age 
circuits. A Motorola MC1545G is used as 
a product detector. When wired as shown, 
it acts as a double-balanced modulator, 
cancelling in its output any input to pin 1 
alone or to pins 2 and 5 in parallel, but 
giving as output the sum and difference 
frequencies. The price of the MC1545 is 
rather high ($8.25), and unless Motorola 
comes out with a less expensive version, 
you'll probably want to use another 

product detector such as one of several 
suggested in a recent article.® 

The balance control should be ad-
justed with an audio signal applied to 
point A through a capacitor and should 
be set for minimum audio voltage at pin 
6. Product detector output is amplified 
by a GE PA230 operational amplifier 
with an audio gain control in the feed-
back loop. One quarter of an RCA 
CA3048 could have been used instead 
with less external components, but with 
less gain and higher output impedance. 

Bfo voltage for the product detector is 
supplied by crystal oscillator Q6. Y1 and 
Y2 are used for ssb reception. Y 3 is used 
for R T T Y reception with reversal of mark 
and space frequencies accomp/ished in an 
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external adapter. 
The audio amplifier IC output is ap-

plied to age amplifier, Q8. The age 
amplifier is operated without bias so that 
no output is obtained until the input 
exceeds 0.6 volt peak, enough to turn on 
the transistor. Once this threshold is 
reached, very little additional voltage is 
needed to get full output from the age 
rectifier. This results in a very flat age 
characteristic. Some trouble was expe-
rienced with motorboating in the age, 
which was cured by reducing Q8's gain 
with the 220-ohrn resistor in the emitter 
lead. 

Q9 drives the S meter. S-meter sensi-
tivity can be increased either by de-
creasing the resistance in series with the 
meter or by increasing the value of the 
3.3-meg resistor, so that more age voltage 
must be produced for a given amount of 
gain reduction. 

A diode gate supplies either the age 
voltage or a muting voltage from an 
external source to the age line. A negative 
muting voltage is needed while trans-
mitting, and the resistors associated with 
the muting voltage depend on the voltage 
available. 

Q10 and Q11 comprise a simple regu-
lated 15-volt power supply for the fet's 
and IC's. 

"Ten minutes ago he was 40 over 9 . . . 
then he went down in the mud." 

performance 
Performance is excellent. Using the 

wide i-f alone, a signal-to-noise ratio of 20 
dB was obtained with 1-microvolt input 
from a Knight KG-686 signal generator. 
Using the narrow i-f alone, a 16-dB 
signal-to-noise ratio was obtained with 
the attenuator on the signal generator at 
zero. Ave threshold is reached with 10 
microvolts input, at which point output is 
0.95.volt for a typical setting of controls. 
Increasing the input to 100 millivolts, an 
80-dB increase, only raises the output to 
2.1 volts, a 7-dB increase. 

Future plans for the receiver include a 
general-coverage converter using a phase-
locked oscillator so that any multiple of 
500 kHz can be used as a mixer frequen-
cy, with a panadaptor operating from the 
output of the first mixer or possibly from 
a separate first mixer. 
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This digital frequency counter is an im-
proved version of a design that appeared 
in an earlier issue of ham radio maga-
zine.1 The new design features direct 
numerical readout (using Nixie tubes), 
smaller size, simpler construction, and 
some optional circuits for increased versa-
t i l i ty. 

Two counter modules are presented. 
One, using five IC flip-flops, has a nomi-
nal upper counting range of 16-17 MHz. 
The other has a nominal upper range of 
12-13 MHz, but uses only two ICs. The 
simpler construction and lower cost of 
the latter module should appeal to those 
with measurement requirements limited 
to this lower range. 

An optional overrange indicator pro-
vides a visual warning when the count is 
higher than that indicated by the readout 
tubes. Switching logic is designed so that 
frequencies with as many as eight digits 
can be displayed using only four tubes. 

With many new ICs appearing on the 
market, the Motorola devices used in this 
instrument continue to be the lowest 
priced, and their performance exceeds 
published specifications. They are truly a 
best buy for the amateur interested in 
building fine test equipment at lowest 
cost. 

The B-6091 Nixie readout tubes were 
a lucky surplus buy; however, other types 
of readout tubes can be used as long as 
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they're not biquinary. Be sure to obtain a 
data sheet with current-limiting resistor 
values and pin connections. It shouldn't 
be necessary to increase supply voltage 
above 170 volts, nor is it recommended. 

In the design of this counter, I used 
information from Motorola applications 
bulletins, experience from previous de-
signs,1 and suggestions from other ama-
teurs. W2FLJ suggested the 4-MHz 
clock, and W4IGX helped with the mech-
anical layout. 

A block diagram of the basic instru-
ment appears in fig. 1. All modules 
including the power supply are con-
structed on PC boards.* The entire unit is 
enclosed in a 4x7x 12-inch Minibox. 

clock module 
This circuit (fig. 2) determines overall 

system accuracy. A highly stable crystal, 
as described by Hoff,2 is used as a 
standard. The basic frequency is 4 MHz, 
which is divided twice to 1 MHz, 
then divided down by a series of decade 
dividers to 1 Hz. Five different time bases 
are used. For each time base, the clock 
generates a short pulse timed to occur 
prior to the negative-going transition of 
the main clock pulse. These advanced 
pulses, as well as the clock pulses, are 
selected by a range switch (fig. 7) and 
routed to the control module (fig. 5) for 
processing and use. Range switch contacts 
also ground NE-2 "decimal-point" bulbs 
positioned between the Nixies. 

The crystal, an International HA-1, 

t 

Interior view of the frequency counter showing 
the clock module crystal and zeroing capacitor. 

provides frequency stabil ity w i thout an 

oven. The circuit will oscillate to 10 MHz 
and will remain within 1 Hz of WWV at 
10 MHz if the specified crystal is used 
and the simple instructions in Hoff's 
article2 concerning temperature compen-
sation are followed. 

If you plan to build this counter, a 
100-kHz crystal should not be used. The 
inherent accuracy of digital counters is 
determined by the quality of crystal time 
base. Most 100-kHz crystals will drift to 
the extent that at 10 MHz or so readings 
will be inaccurate, since frequency drift is 
multiplied by a factor of 100. Time bases 
using the 60-Hz line frequency have 
similar problems, and in addition don't 
lend themselves to the range switching 
system used in this instrument. 

17-MHz counter module 
Note that in the beginning of this 

article I mentioned that the nominal 
upper counting range of the counter 
module was 16-17 MHz. The maximum 
upper counting range depends on several 
factors: the JK flip-flops, skill of the 
builder, and even luck to a certain extent. 
If reasonable care is used in construction, 
the module should count to 17 MHz. 

This module (fig. 3) uses five flip-flops 
in a ring counter, as described in refer-
ence 3. The ring counter is decoded by 
three MC724P dual quad input gates that 
drive 2N1893 high-voltage transistors. 
These ground the appropriate pin of the 
readout tubes. An MC799P satisfies load-
ing and polarity requirements. 

When completed, the counter should 
be checked with a conditioned pulse, 
such as the 1 Hz output from the clock. It 
probably will be necessary to reset the 
JKs with a 4-V pulse on the reset bus (by 
briefly shorting pins 1 and 2 of the 
counter decade under test). With all 
voltages applied, the Nixies should ad-
vance through 1-2-3 etc., to zero and start 

•Printed circuit boards are available from Staf-
ford Electronics, 427 So. Benbow Road, 
Greensboro, N. C. 27401. Kits, including 
boards and all components, are also available. A 
set of full-size layout drawings for the boards is 
available from ham radio magazine for 75<t. 
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ICIO •ICII 
0 

IC12 ICI3 
0 

ICI4 - ICI5 
10 

1/4 MC724P 

I KHz, 
lOHi, I Hi 

0 
T° k JK O I JK 

0 ? , 
' 

DECODED 
8-9 PULSE O 

CLOCK MODULE 

BLANKING 

l/B MC799P 

MC724P DRIVER 

fig. 1. 

CONTROL MODULE 

Block diagram of basic instrument. The "decoded 8-9 pulse" is an advance pulse that resets the counie 

over again. 
If the decade hangs up on a number, 

or more than one number lights, the work 
starts. Reference to the IC truth tables 
and other published information4 should 
help to locate the defect. 

The counter module shown in fig. 4 
uses two of the latest Motorola R T L ICs, 

the MC780P flip-flop and its companion 
decoder, the MC770P.* The MC780P 
contains four internally connected flip-
flops, with four outputs for decoding and 
the usual toggle and reset inputs. In 

* Listed in Allied's industrial catalogue supple-
ment 692. The MC780P and MC770P sell for 
$4.05 and $3.55 respectively. 
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addition, four direct set inputs can be 
used to set the IC to any status—a feature 
not needed for a frequency counter, but 
useful for digital clocks. 

Since this combination simplified con-
struction and reduced cost, I obtained a 
supply of these ICs and built decades to 
check their performance. I found the 

MC780/770P combination was not, and 
performance might vary slightly with 
other units. 

I made some checks to determine if 
decade/decoder combinations could be 
intermixed within the same counter mod-
ule. I found them to be incompatible 
because of different carry-pulse polarities. 

4 mil aopf 
90pF-$M 

fig. 2. Clock module. Circuit provides outstanding frequency stability without an oven. 

maximum reliable count frequency to be 
between 12 and 13 MHz. The more 
complex ring counter consistently count-
ed to 16 or 17 MHz without special 
selection of components. Although the 
ring counter was checked with several 
decade-decoder combinations, the 

However, they operated the overrange 
indicator properly, and no problems 
should occur if four similar decade/ 
decoder combinations are used in the 
same counter module. 

If you are satisfied with a top frequen-
cy of 12 MHz, this new counter design 
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with the two special ICs will greatly 
simplify construction and reduce cost. 

control module 
A linear integrated circuit amplifier, 

the CA-3001, results in a simple control 
module design (fig. 5). The CA-3001 has 
good response to at least 20 MHz. It has 
two outputs, only one of which is used, 
and a built-in gain control provision at 
pin 2, which offers a smooth, non-
frequency-sensitive method of controlling 
circuit gain. I tried this method of con-

should be near 0.65V. Unsatisfactory 
diodes will vary widely. A similar test 
may be made for D1 and D2 by testing 
for a junction drop of 0.25V. Many 
diodes won't pass this test, and many 
junkbox diodes assumed to be germanium 
will turn out to be silicon. Of course, new 
diodes obtained from a reputable manu-
facturer won't require this test. 

logic and timing 
Referring to figs. 1 and 5, IC2 operates 

as a combination driver and gate by using 

Printed circuit boards used in the counter: left to right, counter module, control module and clock 
module. Four counter modules in the counter are identical. 

trolling level, but the direct potenti-
ometer approach offered better protec-
tion for high-input levels. 

The MC789P Schmitt trigger shapes 
and limits the incoming signal, and diodes 
D3, D4 translate the dc level between 
MC789P and MC799P, acting as a form of 
zener. Junkbox silicon diodes may be 
used if they pass a simple test: connect 
the diode under test in series with a 1k 
resistor and monitor the voltage across 
the diode while the output from a power 
supply across the combination is varied 
from 0 to 10V. The diode voltage drop 

IC3-14 as a switch to pull an internal 
element of IC2 to ground when inhibiting 
the count. If an unprocessed count pulse 
were applied to pins 13, 14 of IC3, the 
gate would open for only half the re-
quired time. 

Pulses from the tens decades in the 
clock module are not symmetrical. IC4 
restores pulse symmetry and delivers two 
voltages of opposite polarity and equal 
amplitude. 

If a 1-Hz gate time is selected by the 
range switch, the following events occur 
(see the timing diagram, fig. 6): the 
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fig. 3. Basic counter module. Ring circuit provides nominal upper counting range of 17 M H z . 

output from IC4 occurs at a 0.5-Hz rate. 
IC4-8 is positive for one second; IC4-9 is 
positive for one second, then its output 
falls to zero, allowing a count pulse to 
pass through IC2-5. 

to the counter decades 
If IC4-9 output is low, IC4-8 is posi-

tive approximately 1.4 V, saturating one-
half of a gate section connected to iC3-7. 
Diode D1 then conducts, which places a 
positive voltage on the blanking line at 
pin 15 on the module and the power 
supply, where it shuts off the 2N3440 

high-voltage switch that controls power 
for the readout tubes. 

If IC3-7 is saturated, the gate won't 
pass the advanced clock pulse; but when 
the next negative-going transition of the 
clock arrives, the JK reverses state and 
shuts off the count: the blanking voltage 
via D1 goes to zero, and the readout tubes 
light, displaying the count. At the same 
time the voltage will have dropped on 
IC3-7, and it will be ready to pass the 
next advanced pulse, which occurs near 
the end of the display interval. 

When the advanced pulse arrives, it is 
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fig. 4. A l ternate counter module using IC's that became available after comple t ion of basic c i rcui t . 

inverted, gated, and allowed to reset the 
counters to zero. D2 conducts and shuts 
off the Nixie power so that when the 
next clock pulse arrives, the counters are 
cleared, the Nixies are of f , and the JK 
changes state. D1 picks up the positive 
voltage on 1C4-8 so that blanking remains 
off during the new count interval. This 
entire process takes place at speeds from 
1 to 10,000 times per second, depending 
on the setting of the range switch. 

Some blinking wil l occur at the two 
lowest speed-count settings, but the dis-
play will be continuous at the other three 
speeds. It is possible to eliminate the 
blinking by the use of storage. Blinking is 

not objectionable; therefore storage was 
not used. 

overrange display 
It is possible to measure a signal wi th a 

frequency much greater than four digits 
by sampling the incoming signal at a fast 
rate. As mentioned previously, gate times 
as fast as 10,000 counts per second are 
used. If the incoming signal happens to 
be, say, 11,234,200 Hz and the gate is 
open at the fastest rate, then 1123 would 
register on the readout tubes—the last 
four digits would be dropped. If "decimal 
points" are connected to proper contacts 
on the range switch (fig. 7), the reading 
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NOTES: 

1. PRESET AT MIDRANGE. AT FINAL ADJUSTMENT, ALTERNATELY ADJUST INPUT LEVEL AND THE 10k POT FOR MAXIMUM (IS TO !7MHl), 
THEN LEAVE AT THAT POSITION 

2. OBSERVE DIODE POLARITY. THE END WITH THE BANDS IS THE CATHODE. 

fig. S. Control module. The CA-3001 input amplifier has a response to 29 MHz. 

will be directly converted to MHz or kHz, 
eliminating mental arithmetic. 

Now, if the range switch is rotated to 
the 1-Hz sampling rate, the remaining 

fig. 6. Timing of control-module pulses. 

CLOCK PULSE FROM CRYSTAL OSC BOARD 

n n_ j i 

i r " u — I T u 

DECODED AOVANCED CUXK PULSES FROM 
OSC BOARD AT CONTROL MODULE 

INSERTED IC3-S OUTPUT IN CONTROL 
MODULE 

COUNT ['* | COUNT | o OUTPUT IC4-9 IN CONTROL MODULE 

J | I OUTPUT IC4-0 IN CONTROL MODULE X 
J L RESET PULSE IC3-S. IC2-3 IN CONTROL 

MODULE 

I COUNT I 

i r BLANKING PIN IS OUTPUT TV BN3440 

1 2 3 

TIME (SEC) 

four digits will be indicated, with the 
counter now reading 4200. (The excess 
count woluld have spilled out of the left 
hand decade in the form of carry pulses, 
lighting the overrange indicator.) 

In counting and resetting, all digits on 
each Nixie are activated, but are permit-
ted to light only during the display period 
by a blanking circuit, which rapidly 
switches the power to the Nixies. Thus, 
the readout tubes are strobed at the same 
frequency as the gate, and the count 
appears to stand still. 

The overrange indicator (fig. 8) acti-
vates a neon light when the count is 
higher than that indicated by the readout 
tubes. The MC723P toggles on the first 
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TO 60<X> OHM. IW RESISTS* 

fig. 7. Power supply and range-switch schematic. 

carry pulse appearing at the left-hand 
counter decade and locks up until the 
next reset pulse. 

power supply 
The circuit shown in fig. 7 is a 

dual-purpose power supply that furnishes 
all operating voltages for the counter. An 
amplifier-switch, consisting of an emitter 
follower and amplif ier, provides 
high voltage for the readout tubes. Unreg-
ulated 6.5 volts for the IC amplifier in the 
control module is taken from the top of 

the low-voltage supply. A Darlington 
pair-zener configuration provides regu-
lated 3.6 volts for the flip-flops. 

construction notes 
A low-wattage soldering iron is essen-

tial when working with solid-state com-
ponents. The inevitable debugging in a 
project such as this will be simplified if 
you have a vacuum-operated de-solder 
device, such as one of those made by 
Soldapult or Ungar. 

The power-supply board is mounted 
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on VS-inch spacers on the rear inside wall 
of the minibox. The large filter capacitor, 
power transformer, and 2N3055 power 
transistor should be mounted so that the 
minibox cover will f it. 

Negative leads should not be grounded 
at the power supply, but should be 
routed to a common point near the front 
of the instrument. The 170-volt supply 
ground return is via the outside conduc-
tor of a length of miniature coax cable; 
the inner conductor carries the high 
voltage. Al l power leads are in one cable, 
which runs along the left side of the 
instrument. 

A standard Minibox results in a com-
pact instrument that fits nicely on a 
crowded workbench. A Vi-inch aluminum 
strap was bent to form a handle, which 
also serves as a prop to position the 
instrument for easy viewing. 

Readout tubes were mounted on an 
aluminum bracket directly behind the PC 
board sockets. After the Nixie-tube sock-
ets were mounted, masking tape was used 
to cover the sockets and the inside of the 
bracket. The corresponding part of the 

accuracy checks 
Since the input frequency is rarely in 

phase with the counter gate, the dis-
played count varies according to the 
number of pulses in the gate at the time it 
operates. It is therefore normal for the 
counter to have a 1-digit error, which 
extends throughout its frequency range 
of 20 Hz to 15 MHz. At the higher 
frequencies, accuracy depends on the 
crystal clock more than any other factor; 
but at low frequencies, the error remains 
within 1 digit. One of the positions of the 
range switch is used to check the internal 
circuits of the counter. It may be, when 
the counter is completed, that the 100.0 
test position displays 100.1. If this hap-
pens, change the 100-kHz jumper in the 
clock module from pin 13 of IC6 to pin 
14. 

The uses of this counter are not 
limited to its basic frequency. I have set 
150-MHz communications monitors on 
frequency, using the 10th harmonic of a 
15-MHz oscillator. W4BNE regularly 
checks the frequency of a MARS net on 
50 MHz using a similar method. 

TO BLANKED 
t ITO V K30U 

fig. 8. Overrange indi-
cator schematic. Neon 
bulb illuminates when 
fourth counter decade 
put out a carry pulse. 

enclosure was sprayed with dull black 
lacquer to suppress reflections. 

A panel bezel was sawed out of scrap 
%-inch plexiglass, filed to shape, painted, 
and mounted over a cutout on the end of 
the minibox. A small glass window for 
the readout tubes was secured by clips. 
Datak dry decal transfers were used to 
mark the panel. The printed circuit 
boards were mounted on short lengths of 
1/2-inch aluminum angle. 
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Recent articles in ham radio of vhf power 
amplifiers using strip line tank c i r cu i t s^ 
inspired me to boost the output of my 
Communicator IV to a kilowatt on 2 
meters. l l used an Eimac 5CX1500A 
pentode in a grounded-cathode linear 
amplifier circuit (fig. 1). No drive power 
is required, which eliminates the need for 
a buffer amplifier. 

strip line plate circuit 
Details of the "sandwich" tank circuit 

are given in fig. 2. The grounded lower 
plate is slightly wider than the upper 
plate to accommodate the antenna loading 
clip. Four 10-32 screws and nuts and eight 
polystyrene washers hold the assembly 
together. Two sheets of Teflon, 15 mils 
thick, are used for insulation between 
plates. The capacitance of this sandwich 
measures 285 pF. 

Upper and lower plates are made of 
1/8-inch-thick silver-plated copper. The 
upper plate is cut to accommodate the 
tube's 3-3/8 inch-diameter cooling fins. 
The narrow section is cut through, and 
both ends are bent up and drilled for a 
6-32 screw and nut. This clamps the end 
of the tank circuit to the tube. The lower 
plate is bent to form the rear support for 
the assembly. It is grounded by screws at 
the end farthest from the tube. 

High voltage is fed to the plate 
through an rf choke at the low-impedance 
point of the upper plate. I used a 3-30 pF 
vacuum variable for plate tuning, but a 
capacitor with range of about 2-10 pF 
should be adequate to tune 144-148 
MHz. 

power supplies 
Plate and screen supplies are conven-

tional (fig. 3). The bias supply uses a 
small line isolation transformer and a 
silicon-diode bridge rectifier. I couldn't 
find a 5-volt, 40-ampere filament trans-
former in any catalog or ham equipment 
supply store, so I used a type F530 
Stancor transformer (5 V, 30 A) with an 
autotransformer in the primary to obtain 
5 volts at the tube-socket terminals. After 
two hours of operation, the transformer 
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temperature rise was insignificant. 

enclosure 
The amplifier is built on a standard 

19-inch panel, which is 19% inches high 
to accommodate blower height. An alu-

minum box (fig. 4) houses the amplifier. 
A shelf separates input and output cir-
cuits. A 31/2-inch cutout in the top plate, 
directly over the tube, permits cooling air 
to vent out of the cabinet. A perforated 
metal plate covers the blower cutout. An 
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fig. 1. Schematic of the easy-to-drive 2-meter linear amplifier. L o w interelectrode capacitance of 
the 5 C X 1 5 0 0 A eliminates neutralization. Third-order intermodulation distortion is —36 dB. 

Amplif ier bottom view showing input pi network. Eimac SK806 chimney confines air flow 
through the tube cooling fins. The fila-
ment transformer primary connections, 
grid-bias connections, and screen connec-
tions are brought out of the box with 
feed-through capacitors. 

The upper control in the front-panel 
photograph is for plate tuning; the two 
lower controls are for the input circuit pi 
network capacitors. 

tuning linearity adjustment 
Control of rf drive is necessary to 

adjust the amplifier for linear operation. I 
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fig. 2. Construct ion details of the strip line tank. Material is 1/8-inch silver-plated copper separated 
by two 15-mil-thick Tef lon sheets. 

installed a potentiometer in the driver to 
adjust the output tubes's screen voltage. 
To adjust amplifier linearity, proceed as 
follows. 

Connect the exciter output to the 
amplifier input through a directional 
coupler. Apply bias and filament power 
to the amplifier. Adjust both driver 
tuning and the amplifier pi network 
capacitors for maximum incident output 
through the coupler. Switch the coupler 
to reflected power and adjust the pi 
network and exciter tuning for a mini-
mum, which should be almost zero. In-
crease grid bias to maximum, and reduce 

rf drive. Connect a dummy load and an rf 
indicator to the amplifier. Place the an-
tenna clip along the bottom plate at a 
point about 3 inches from the ground 
end. 

Apply plate and screen power, and 
increase excitation until the output in-
dicator shows power. Tune the plate 
capacitor for maximum rf output. Do not 
allow amplifier screen current to increase 
above 50 mA during this adjustment. 
Adjust drive and bias for a plate current 
of 350 mA. When the plate tuning capac-
itor is adjusted, screen current can also be 
used to indicate resonance. 
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•0*3kV 
ISO* 
isaw 
•3-SOt.SOWS 

O-ShV 
TO TERM 6 

•O TO TEmi T 

C R 1 - C R 4 Each diode consists of 8 series-
connected 600 V , 1 amp silicon 
diodes 

C R 5 - C R 1 0 600 V , 1 amp silicon diodes 

fig. 3. Plate, screen and bias supplies. 

T 1 

T 2 

•o TO TERM I 

-o - ISO voc 

3 0 0 0 volt center-tapped trans-
former 

117—117 Vac isolation trans-
former 

Linearity adjustment should be made 
with an oscilloscope. I used a parallel 
resonant circuit to couple the amplifier 
output to the scope. Complete details for 

fig. 4 . Rf enclosure detail. Mate-
rial is 1/16-inch aluminum. 

obtaining linear operation are given in 
reference 3. 

Loading adjustments are made by 
moving the clip lead to different positions 
along the bottom plate of the strip line 
tank. Make certain that both plate and 
screen power are removed before making 
these adjustments. Replace the top plate 
after each new position, and resonate the 
plate circuit. 

The 5CX1500A, with 1500-watt plate 
dissipation, runs considerably under its 
maximum ratings for amateur operation. 
During cw tests, it easily delivered a 
kilowatt into a dummy load, 

references 

1. Will iam I. Orr, W 6 S A I , "2 -kW PEP 
Amplif ier for 4 3 2 M H z , " ham radio, Septem-
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Data for a Two-k i lowat t V h f Linear," ham 
radio, March, 1969 , p. 6 . 
3. The Radio Amateur's Handbook, A R R L 
Staf f , 1969 Edit ion. 
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Of all computer applications, the process-
ing of pictorial information is perhaps the 
most spectacular. Using a high-speed digi-
tal computer and its peripheral output 
equipment (the line printer, contour plot-
ter, cathode-ray tube display, etc.), it is 
possible, for example, to transform a 
multitone photograph into a line drawing, 
and to obtain various perspective views of 
the object photographed. You might even 
simulate the pilot's view of an aircraft-
carrier's flight deck together with a 
"movie" showing a landing on the air-
craft.1 Whatever the job, use of the 
computer to process and display pictoral 
and graphical information has provided 
the scientist, engineer, educator, artist— 
and yes, the radio amateur—with a highly 
versatile and accurate tool. 

Many readers of ham radio may al-
ready have an appreciation for the data 
handling capability of the digital com-
puter; however, the details of picture 
processing probably remain a mystery. 
For this reason, we will discuss some 
basic picture processing techniques. Fur-
ther, we will apply the processing tech-
niques to slow-scan television pictures to 
demonstrate the effects on a picture 

S S T Y 

fig. 1 . Sstv test card used by authors to check 
digitization and computer processing tech-
niques. 
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produced by d y n a m i c range compress ion 

and contrast enhancement. 

sstv fundamentals 
Before examining the various aspects 

of picture processing, let's briefly review 
some slow-scan fundamentals. The pic-
tures we processed were produced in 
accordance with the sstv standard pro-
posed by Macdonald.2 This standard 
specifies a slow-scan picture having a line 
frequency of 15 Hz and a frame period of 
8 seconds. Pictures contain 120 lines and 
consist roughly of 14,400 picture ele-
ments. Horizontal sync is transmitted as a 
5 millisecond burst of 1500 Hz, while the 
vertical sync consists of a 30 millisecond 
burst of 1500 Hz. Video information is 
transmitted at frequencies between 1500 
(black) and 2300 (white) Hz. 

the pictures 
The pictures processed came from two 

sources. The first (fig. 1) was recorded 
directly from the output of a transistor-
ized slow-scan camera. By using this 
closed-circuit procedure and a simple 
four-letter black-on-white card we were 
assured of having an acceptable picture to 
test digitization and processing proce-
dures. This test picture was initially re-
corded on mylar audio tape using a 
recording speed of 3% ips. 

The second picture we processed is 
shown in fig. 2. Originally transmitted on 
20-meter ssb by KC4USV, the picture 

was recorded by W7FEN. The picture's 
characteristics are less than ideal. Already 
downgraded by the fact that the multivib-
rator in the camera at McMurdo was not 
swinging through the entire 1500 to 
2300-Hz video spectrum, the picture was 
further degraded by atmospheric noise. 
To the extent that the picture is far from 
ideal, it presents an excellent opportunity 
to investigate the capability of our pro-
cessors. 
analog to digital conversion 

The pictures were re-recorded on 1-
inch, 1.5-mil telemetry tape at a speed of 
IV-i ips. To satisfy input requirements of 
the analog-to-digital (A-D) converter, it 
was necessary to use a playback speed of 
0.5 x real time (3% ips). Small plug-in RC 
networks were used to determine the 
center frequency of the discriminator. At 

\ / / 
4 w i A i i ^HM Ujuu j i t j 

fig. 2. Single slow-scan frame transmitted on 
14 MHz by KC4USV, Antarctica, and received 
by W7FEN. 

• -VI 

fig. 3. Successive horizontal lines of the sstv 
test card. 

3% ips playback speed the center frequen-
cy is 750 Hz; our discriminator's center 
frequency, however, could not be low-
ered below 840 Hz. 

The pictures were digitized at an 
equivalent rate of 2,000 samples per 
second; this provided a total of 16,000 
data points for one complete sstv picture. 
After A-D conversion, the digitized pic-
tures were placed on magnetic tape. 

Oscillograph records of the sstv pic-
tures proved helpful during processing. A 
sample record showing several lines of the 
"SSTV" test card is shown in fig. 3. Note 
that the sync pulses are negative, and that 
the downward excursions of the positive 
values display portions of the "S , " the 
next "S , " the stem of the " T , " and the 
two sides of the " V . " You also can see 
that each line is brighter on the left side 
than on the right. This results from the 
original test card having been illuminated 
from the left. 
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picture preparation 
The ideal digitized picture contains 

two classes of information; sync and 
video. The viewer is only interested in the 
video, while the sync insures that each 
line is displayed properly. The process of 
preparing this picture for computer pro-
cessing is one of stripping off the sync 
and of storing the picture information in 
some systematic manner. However, prob-
lems related to picture digitization and 
quality must be overcome if we are to 
effectively process the pictures. 

We will restrict the discussion below to 
the general types of problems involved in 
preparing a picture for computer process-
ing. 

Identification. As we digitized many 
pictures, a label was written ahead of 
each picture. This label consists of a 
number and alphanumeric title; the total 
number of points in the picture, normally 
16,000, is also recorded. To find a specif-
ic picture the computer searches for a 
given number and reads the stated num-
ber of digital points into memory. The 
alphanumeric title is also read and is used 
later to describe the processed picture. 

Picture bias. Because of our discrimi-
nator's center frequency being unavoid-
a b l y h i g h , t h e d i g i t i z e d p i c t u r e s c o n t a i n e d 

a negative offset, confusing the sync and 
video signals. Thus, a fine adjustment to 
the dc level was required. This was 
accomplished by examining the photo-
graphic readout of the digitized picture, 
determining the negative offset, and 
adding the absolute value of the offset to 
each picture point. 

Clipping. We frequently observed large 
positive spikes in the signal. The spikes use 
up the dynamic range of the picture, 
relegating the video information 
to the obscure background. To meet this 
problem, the white level of the bias-
corrected picture was determined, and all 
information (spikes) above this level clip-
ped of. 

Sync stripping. Sync pulses should be 
distinguished by their negative values and 
their length in time. At 2,000 samples per 

second, a 5 msec horizontal sync pulse 
should contain 10 digital points, while 
the vertical pulse, being 30 msec long, 
contains 60 points. Unfortunately, the 
sync is not stripped easily. Since the 
sampling rate'of 2,000 samples per sec-
ond is only a nominal value, sync pulses 
generally contain more or less points than 
the theoretical 10 and 60; further, we 
occasionally found positive spikes within 
the negative sync pulses. Thus, we re-

us. 4. Hypothetical display of a "worst-case" 
sstv signal. Fortunately, most of the picture 
information we processed was free from inter-
ference! 

quired that once a negative point was 
found, the computer interpret this as the 
first point of a sync pulse. The computer 
was then to look for the first positive 
p o i n t t o a p p e a r n e x t ( t h e f i r s t p i c t u r e 

point of the line), but to ignore all 
positive points which appeared within 8 
points of the first negative point. 

Similar to this problem was the pres-
ence of negative spikes within the video 
portion of the picture. To insure that 
these spikes did not trick the computer 
into thinking it had found a sync pulse, 
we required that once a line of video was 
found, the computer was to process at 
least the next 115 points as video. 

Fig. 4 shows the type of digitized 
information encountered and the manner 
in which this information was processed. 

Note that if the timing of the original 
sstv signal were perfect, and if the digitiz-
ation rate were exactly 2,000 cps, the raw 
picture would consist of 120 lines, each 
line containing 123 video points. The 
lines we will process, however, are 
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made to consist of 120 video points. This 
is done purposely so that we can display 
the picture on the computer's line printer 
in the same manner that one types out a 
picture using X's, 5's, etc. (quite a popu-
lar pastime with the R T T Y crowd). 

picture processing 
Once the sync has been stripped from 

the signal and each line filled to 120 
points we are ready to begin processing 
the picture matrix. A matrix is nothing 
more than an orderly array of numbers; 
here we allow for a matrix with up to 140 
rows (sstv lines) and 120 columns (120 
horizontal picture points). Let us perform 
the following operations on this picture 

of the simplest forms of picture process-
ing we can perform is to quantize the 
picture elements and plot the levels using 
the line printer's symbols. To do this we 
first determine the maximum value with-
in the matrix and divide every number by 
this maximum value. Assuming we want 
N levels in the plot, each point is multi-
plied by (N-1) and 0.5 added to the 
product. These numbers are then trun-
cated (numbers after the decimal point 
thrown away) and a specific symbol 
assigned to each integer. 

As an example of this procedure, 
consider the following foreshortened sstv 
line: 

2.50 1.25 2.50 5.00 5.00 2.50 2.50 5.00 5.00 2.50 1.25 2.50 
matrix: 

1. Quantize the picture elements and 
plot the picture on the line printer 

The highest number is 5.00; when we 
divide each number by this value, the line 
values become: 

0.50 0.25 0.50 1.00 1.00 0.50 0.50 1.00 1.00 0.50 0.25 0.50 

using various symbols (X's, 5's, 
etc.). 

Contour the picture (line extrac-
tion). 

Let's assume we want to plot the picture 
on two gray-scale levels, black and white. 
N is 2, and (N-1) is just 1; thus, multi-
plying each point by 1 and adding 0.5, we 
obtain: 

1.00 0.75 1.00 1.50 1.50 1.00 1.00 1.50 1.50 1.00 0.75 1.00; 

which, when truncated, yields: 
1 0 1 1 1 1 1 1 1 1 0 1 

3. Compress the dynamic range and 
enhance the contrast. 

Certainly, computer processing has 
progressed to the point where the first 

X X 

two operations are easily executed. The 
third type of processing is a bit more 
sophisticated, however, and generally re-
quires a computer with a large memory. 
The computer we used has a rather 
limited core (32,000 locations), of which 
up to 16,800 locations can contain pic-
ture points. For this reason only a very 
basic type of dynamic range compression 
and contrast enhancement will be demon-
strated . 

quantizing to n levels 
Having formed a picture matrix, one 

If we assign the symbol X when the 
picture element is 1, and a bland when 
the element has value 0, the line appears 
as: 

X X X X X X 

Fig. 5 shows the test " S S T V " call card 
displayed in two gray-scale levels. As you 
would expect, the printed material re-
quires only the black-white display for 
effective presentation (the dot between 
the S's is a blemish on the vidicon target). 
A printer plot of the Antarctic picture for 
two gray-scale levels is shown in fig. 6. 
Despite the fact that the original material 
was black and white, the two-level display 
is far from satisfactory because of tonal 
gradation introduced by transmission. 
This picture will require further process-
ing. 
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fig. 5. Line printer display of the sstv 
test card. Displays of this type are quite 
popular among R T T Y enthusiasts. 

Printer plots of the type discussed 
above may at first appear to be a novelty; 
however, they afford the analyst with a 
good first-order presentation of the pic-
ture matrix and allow him to make 
decisions as to further processing the 
picture. 

Note that the printer-plot pictures are 
spread in the vertical direction. This is a 
consequence of the intersymbol spacing 
being less than the line spacing. However, 
the advantage of using this form of 
display for a quick first look far out-
weighs the geometrical distortion. 

One important aspect of the quan-
tizing procedure is that we could now 
take advantage of the intrinsic redundan-
cy present in the picture. We see from the 
line of truncated values that data points 
exist which may be derived from neigh-
boring data points using some simple 
interpolation procedure. In the line pro-

cessed previously the fourth through 
tenth points can each be derived from the 
third point. All we have to do is transmit 
data where the values of the picture 
change, the location of this data, and 
instruct the processor how to reassemble 
the picture. Thus, for the line: 

1 0 1 1 1 1 1 1 1 1 0 1 

we transmit only: 

location value 

1 1 
2 0 
3 1 

11 0 
12 1 

and insist that where a value is not 
specified, the previous value be substi-
tuted, Here 10 pieces of data must be 
transmitted instead of the original 12, 

fig. 6. Line printer display of the 
K C 4 U S V — W 7 F E N slow-scan picture. 
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and the redundance factor is 12/10 or -
1.2. While this is not high, we can easily 
see that if the redundance factor can be 
made sufficiently large, elimination of the * 
redundant data points can result in a , 
significant saving in bandwidth. 

We can also consider the redundancy • 
between successive pictures as did Inger-
son.3 Here, the entire picture is stored in 
a computer's memory and only those 
points which change from picture to •: 
picture by more than a minimum speci-
fied amount are changed. r 

picture contours 
Considerable information is contained : 

in a multitoned picture. Yet in many 
cases we want to retain only the essential 
features of the picture. For example, it 
may be our purpose to identify a given 
pattern within a background of noise; to 
do this we only need the outline of the 
pattern. What we want to do is to extract 
a black-and-white line drawing of the 
picture—that is, we seek to contour the 
picture at various amplitude levels (i.e. 

fig. 8. Computer contour plot of 
the K C 4 U S V — W 7 F E N slow-scan 
frame. 

i I 

COUPVRCR CONTOUR PLOT 
or 

SLOW-SC*N TCLCVISIOH PICWRTE 
W4UMF 

fig. 7. Computer contour plot of the sstv test 
card. Note that line extraction causes only the 
essential features of the picture to be retained. 

gray levels). Standard routines are avail-
able to contour data, and we will not 
detail their logic here. 

Contour plots of the "SSTV" card and 
the KC4USV transmission are shown in 

s fig. 7 and 8. Both pictures were con-
toured at the 0.5 level (peak level = 1.0). 
In each case the essential features of the 
information contained in the original 

- v, picture have been extracted and outlined. 

dynamic range compression 
^ and contrast enhancement 

" - We can consider our picture elements 
f B x y to be formed by the product of an 

illumination term l x y and a reflectance 
term R x y - 4 The illumination function 
varies slowly over the picture so it con-

v .1 sists of low-frequency components. The 
reflectance term, however, contains the 
picture information and is represented by 
high-frequency components. The bright-
ness at a given point (x,y) in the picture 
matrix is then the product of the illumi-
nation term at (x,y) and the reflectance 
term at (x,y).That is: 

^ x y ~ ' x y ' ^ x y 
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fig. 9. Five-level line printer display of the 
K C 4 U S V picture. Because of poor contrast the 
picture can only be defined by using the third 
gray-scale level (0.62S on a scale of 1.0). 

fig. 10. Five-level printer display of the pro-
cessed K C 4 U S V picture. Because of enhanced 
contrast an improved picture can now be 
outlined using only the second gray-scale level 
(0.37S on a scale of 1.0). 

We can easily demonstrate the multi-
plicative nature of the picture as follows. 
Consider a picture that consists of a black 
square on a white background. The pic-
ture is illuminated from the left so the 
right side of the picture is darker than the 
left. One line from the center of the 
picture will appear as follows: 

But this is just the product of the 
following two waveforms: 

ILLUMINATION REFLECTANCE 

We want to reduce the effect of the 

illumination term by making it more 
uniform. This can be done by raising the 
illumination term to a power e which is 
less than 1. On the other hand, to 
enhance the contrast we want to raise the 
reflectance term to a power a greater 
than 1. Thus, the processed picture is 
represented as follows: 

R = l e 
D x y ' xy Ra 

xy 

We conveniently assume that the illumi-
nation term can be represented by a 
plane. 

Let's apply the above picture process-
ing technique to the W7FEN Antarctic 

picture. Fig. 9 is a line printer output of 
the unprocessed picture; five gray scales 
are displayed with the lower three en-
closed by contours (the contours repre-
sent the .725, .375 and .625 levels of a 
picture for which 1.0 is the maximum 
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Fig. 11. Contour plot of the unprocessed 
K C 4 U S V picture. Again, it is only after the 
third gray-scale level is plotted that the picture 
Is defined. 
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fig. 12. Contour plot of the processed 
K C 4 U S V picture. As in fig. 10, only the two 
lower gray-scale levels must be plotted. 

picture value). The picture information 
for the call letters and penguin is very 
poorly defined. After dynamic range 
compression and contrast enhancement, 
however, a more satisfactory picture is 
obtained (fig. 10). Here only the lower 
two contour levels (.125 and .375) are 
needed to define the picture, with the 
pictorial information now more in relief 
against a uniform background. A value of 
0.5.was used for e, while the value for a was 
set to 2. 

The differences between the two pic-
tures is portrayed in more detail by the 
contour plots of fig. 11 and 12. Again, 
the lower three and two contour levels, 
respectively, are contoured and plotted. 
Among other things, note how the pen-
guin is better defined in the processed 
picture. 

summary 
This, then, is a presentation of basic 

picture processing, one of the most inter-
esting applications of modern computer 
technology. Using techniques which only 
a decade ago would have been costly and 
time consuming to implement the experi-
menter is now able to see both qualita-
tively and quantitatively the products of 
his labor—and he can do so with much 
saving in time, money and effort. The 
flexibility of this tool is still being ex-
plored with the presentation of moving, 
colored images but one of many recent 
advances. Whatever the application, we 
can be assured that picture and graphical 
processing by computer will shortly per-
vade many aspects of our lives. 
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new look 
in 

teleprinters 

Significant advances have been made in 
te lepr inter d e v e l o p m e n t w i t h i n t he last 
few years. Although they won't reach the 
amateur market for some time, these new 
machines have some interesting design 
trends that will appeal to the amateur 
rtty fraternity. 

This articJe reviews some of the new 
teleprinters using thermal, piezoelectric 
impact, and conventional impact printing 
techniques. All are designed for mobile 
use. Interestingly enough, all are also 
designed for use with separate keyboards. 
This is because of varied installation and 
end-use requirements—for example, po-
lice-car printers don't require keyboards. 
Another design trend is toward half-page 
printers to save space in crowded aircraft 
cockpits and patrol cars. 

Solid-state logic and integral clocks 
permit a wide variety of input codes and 
pr int ing speeds. T h e most c o m m o n l y 
used codes are Baudot and the American 
Standard Code for Information Inter-
change (ASCII). The latter is similar to 
Baudot but has eight levels, making pos-
sible 128 characters. 

NCR thermal printers 
National Cash Register has developed a 

technique for true thermal printing. Their 
printer has no moving parts except in the 
paper-advance mechanism. The secret to 
this technique is a special NCR-developed 

Ithermochromic paper. The paper has 
heat-sensitive chemicals dispersed 
throughout. The chemicals change to a 
blue-black color when heated by the 
thin film print head. The resulting copy 
will not smear and is insensitive to light. 
Print quality is as good or better than the 

5 best impact printing. 
CM The printer accepts conventional in-
m formation codes. Speed is in the medium 
£ range-up to 300 wpm. The miniature 

printer has 26 characters per line, while 
u the full-page machine has 80 characters 
a,- per line. 
o The incoming signal is processed in a 
O 
c o 

•v 
Q Motorola T T - 5 8 0 miniature teleprinter. 

T h e D A T A position of the speed switch 
•j" is for A S C I I code; others are for various 
v speeds of Baudot. 
to 
c 

E 
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solid-state logic section, which drives the 
print head. The head consists of a matrix 
of thermal elements that apply heat 
instantaneously to discrete dots. On a 
print command, the desired elements are 
heated, forming dots on the paper to 
make the characters. Each character is 
formed from a 5 x 7 dot matrix. Line 
feed is automatic upon completion of a 
line. Since the print head has no moving 
parts, there's no need for a mechanical 
carriage return. The printer is extremely 
quiet, both accoustically and from a 
radio-frequency interference standpoint. 

NCR has also developed a thermal tape 
printer/reader that handles either thermal 
or conventional, punched tapes inter-
changeably. 

piezoelectric printers 
Motorola's TT-580 is classed as an 

impact printer, but its design is different 
from conventional impact units. As with 
all new printer designs, the TT-580's 
solid-state electronics can be adapted to 
handle any of the standard input data 
codes. 

The novel feature of the TT-580 is its 
character-printing method. The hammer 
consists of a brass plate sandwiched be-
tween two 0.009-inch-thick plates of lead 
titanate zirconate-a piezoelectric device. 
A voltage applied to the hammer causes it 
to flex. The hammer flexes in one direc-

The Codamite TT-587 printer 
used by the U.S. Marine 
Corps. 

tion then reverses, resulting in amplitude 
A (fig. 1). 

Dots are produced when the hammer 
impacts pressure-sensitive paper against a 
helical platen. Characters are formed on a 
dot-by-dot basis, using a conventional 5 x 
7 matrix. The unit uses only six crystals 
to print all 30 characters. The paper 
moves in a continuous vertical flow. The 
printer weighs only 15 pounds; power 
consumption is a mere 5 watts. 

Motorola also makes the VP-100 prin-
ter, which is just slightly larger than a 
cigar box. A special code is used that 
requires a wider bandwidth than Baudot. 
However, the code provides communi-
cation security and higher immunity to 

The T T - 5 8 0 with cover removed. 

man-made interference. A selective calling 
feature allows messages to be sent either 
to individual stations or to all stations 
simultaneously. 

new impact printers 
Anyone familiar with World War II 

machines would be amazed at the clean, 
simple design of the Codamite printers 
developed by Bill Johnson, W6MUR,* 

•Amateurs who haunt the 20-meter band will 
surely remember W6MUR's impeccable cw 
signal—an inspiration for all who aspired to good 
radio-telegraphy, editor 
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fig. t. Piezoelectric hammer used by Motorola. 
The bimorph bender unit is made from two 
pieces of P Z T ceramic banded to a brass plate 
with conductive epoxy adhesive. 

and his staff. These are half- and full-page 
units for military and law-enforcement 
use. Their design is a radical departure 
from conventional impact printers. 

The Codamite series uses three pre-

ingeniously re-inked, and very easy to 
replace. 

While the new mobile printers are 
half-page units, carriage return and line 
feed are designed so that no characters 
are lost when reproducing full-page copy. 
The TT-587, shown in the photos, is a 
special design for tactical military and 
cryptographic use. Note the features em-
ployed to reduce rfi: fingerstock shield-
ing, double enclosure, and screened pa-
per-feed window. 

conclusion 
The case for using rtty printers in 

police cars and other mobile installations 
is a strong one. Radio frequencies are 
used to better advantage, message secu-
rity is obtained, and hard copy provides 
higher accuracy and a complete record of 
the message. It 's a good bet that printers 
will be used in most of the country 's 
public-service vehicles within the next 
few years. 

Inside view of the Codamite TT-587. 
Unit is packaged to reduce rfi and is 
ruggedly designed for field use. 

The Motorola VP-100 miniaturized tele-
printer. It uses a special code for communi-
cations security and features selective 
calling. 

cision stepping motors to index the type 
font, which is in a conventional 8 x 8 
octagonal matrix. The type is made from 
a special metal-plated plastic. The stepper 
motors are coupled by high-strength, 
metal-taped pulleys. One motor rotates 
the type font, a second traverses the 
printing hammer, and a third translates 
the font. A miniature solenoid acts as the 
hammer. The ribbon is a mobius loop, 

The trend in new teleprinters is toward 
light-weight, compact, easily maintainable 
designs. The price range of units des-
cribed in this article is from $ 8 0 0 to over 
$12,000. However, the day will come 
when you can have a complete rtty 
station in the same space occupied by 
your transceiver and at a comparable 
price. 

ham radio 

4 0 i u ' Y 1970 



fine time V E 5 F P a m ™ fm 

modulation 

a solid-state 
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One of the most useful items of test 
equipment is a good signal generator. The 
instrument described in this article has 
features found in expensive manufactured 
equipment, yet it can be built in a few 
evenings for the price of the components. 

Solid-state construction results in 
small size and light weight. The tuning 
range is from 120 Hz to 95 MHz. An 
automatic level control and narrowband 
fm sweep circuit are included. Power 
supply and modulator are integral in the 
design. 

desc r i p t i on 
A block diagram is shown in fig. 1. 

The oscillator is a Hartley in a grounded-
collector circuit J The oscillator drives an 
emitter follower, which provides the low-
impedance output. The automatic level 
control eliminates the need for an output 
level meter and compensating control, 
which must be adjusted with frequency 
change. The output is constant within 1 
dB. 

Frequency sweep is produced by a 
varicap across the oscillator tank. Sweep 
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voltage is generated by a unijunction 
oscillator, which also provides amplitude 
modulation. Rf output is varried by a 
switched attenuator in five 20-dB steps. A 
manual level control is also provided. 
Maximum output is 100 mV rms; mini-
mum output is about 0.1 microvolt. 

basic circuit 
The oscillator, automatic level control, 

and attenuator are shown in fig. 2. The 
ale consists of a diode detector followed 
by a dc amplifier that controls the oscilla-
tor's base current. One end of the 
MV1626 varicap is at dc ground through 
a 1-meg resistor; sweep voltage is applied 
at this end. The other end of the varicap 
receives a variable voltage supplied by the 
"fine tuning" potentiometer. 

The tuning capacitor is a broadcast-
receiver variable. If you have one with 

fig. 1. B lock diagram of the 
solid-state signal generator. 

built-in trimmers, either remove them or 
set them at minimum capacitance. The 
tuning dial is a dual-ratio unit made by 
Jackson Brothers in England. (Miller 
makes a similar unit in the United States.) 
To obtain stability and smooth tuning, 
the same care should be used in con-
struction as when building a vfo. 

construction 
Coil and bandswitch layout require 

some care. For the highest-frequency 
band, capacitor leads contribute an appre-

ciable amount of the total tank induc-
tance, so they should be as short as 
possible. 

The value of Q1 's unbypassed emitter 
resistor, R1, and L1 's tap are determined 
by trial. Normally, the tap will be be-
tween one-fifth and one-quarter of the 
way down from the top of the coil. The 
oscillator should just sustain oscillation, 
and output should be constant across 
each band (with the ale out of the 
circuit). These requirements are met by 
using the optimum combination of L1 's 
tap and R1 's resistance. Here's how it's 
done. 

First disable the ale by removing the 
end of the 18k resistor that goes to Q4 ' s 
collector. Connect the end of this resistor 
to +5 volts. Then, for each band, adjust 
L1 's tape and R1 's value so the oscillator 
just sustains oscillation over most of the 
band. Plenty of overlap will exist between 
bands, so don't be concerned if the 
circuit stops oscillating at the low ends. 
Output level can be checked with a vtvm 
connected to Q3 's gate. 

Coil constants are given in table 1. Tap 
the coil carefully removing insulation 
from part of one turn, then solder a 
length of fine wire to it. Take care not to 
short adjacent turns. 

After the oscillator is working well 
over each band, reconnect the 18k resis-
tor to Q4 ' s collector and adjust the 10k 
trimpot for about -1 volt at the gate of 
Q3 (measured with a vtvm). The trimpot 
will likely have to be touched up a bit to 
get the same output level over each band. 

the attenuator 
A tee rather than a pi attenuator was 

chosen because it's easier to obtain the 
required resistance values. The desired 
values are 40.9 ohms and 10.1 ohms. 
Standard 5 percent values of 43 ohms and 
11 ohms will result in an attenuator 
impedance of about 55 ohms rather than 
50 ohms, but the attenuation will be very 
close to 20 dB. It's important that the 
resistors be carbon composition, and the 
lower the wattage the better. The smaller 
resistors have a lower inductance, thus 
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fig. 2. Oscillator, automatic level control, and attenuator schematic. Oscillator coil tap and R l ' s 
value are determined empirically (see text). 

attenuation will be constant at the higher 
frequencies. I used %-watt resistors; the 
error is small, even at 95 MHz. The level 
control must be a carbon film type. 

The value of R2 depends on the rf 
output voltage produced by the oscilla-
tor. Substitute different values of R2 
until 100 mV into a 50-ohm load is 
measured with an rf voltmeter. All atten-
uation should be switched out, and the 
level control should be set at maximum. 
In my circuit, R2 was 120 ohms. 

With all five attenuator sections 
switched in, the output will be 1 micro-
volt and can be varied to about 0.1 
microvolt with the level control. These 

numbers apply only if the shielding is 
good. Rf can leak out of very tiny cracks, 
so the attenuator compartment must be 
closed very tightly—I soldered mine shut. 
The coax braid connecting the attenuator 
to the oscillator compartment should be 
soldered all around the inside of its entry 
hole. 

Details of the sheet-metal work for the 
attenuator compartment are shown in fig. 
3. 

power supply and modulator 
The power supply and modulator 

schematic is shown in fig. 4. The power 
supply uses a voltage doubler circuit with 
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table 1. Co i l data. 

B a n d f r e q u e n c y 

( M H z ) 

i n d u c t a n c e r e m a r k s 

1 .12 • . 2 8 2 . 5 m H a 4 - p i e R F C t a p p e d 

b e t w e e n f i r s t t w o p i e s 

2 .45 - 1.0 3 5 0 /xH M i l ler 9 0 1 2 

3 2 .2 - 5 . 5 3 0 M H M i l l e r 4 4 0 7 

4 5 . 5 - 1 8 3 M H M i l ler 4 4 0 4 

5 16 - 5 5 0 . 2 5 /liH 5 t u r n s o n V«" d i a , 
s l u g - t u n e d f o r m 

6 2 5 - 9 5 0 . 0 2 5 juH a h a i r p i n o f # 1 4 A W G 

V2 i n c h l o n g a n d V2 i n c h 

w i d e 

a filtered output of 15 volts. The filter 
drives an emitter follower, whose base 
voltage is fixed by a zener. A n y zener 
between 10 and 12 volts will be suitable. 

The modulator is a simple unijunction 
relaxation oscillator coupled into a source 
follower. The source follower output is 

switched either to the varicap in the fm 
mode, or through a filter to the base of 
the rf oscillator in the a m mode. 

For a-m, the modulation frequency is 
1000 Hz, which can be set by the 
trimpot. For fm sweep, the frequency 
should be quite low—about 5 to 10 Hz. 
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Because the supply voltage is rather low, 
you may have some difficulty getting the 
unijunction oscillator to operate with the 
required high value of emitter resistance. 
Use the highest resistor value that sustains 
oscillation. 

The LC filter in the a-m position 
smooths the sawtooth waveform into a 
more sinusoidal shape. Ideally, the choke 
and capacitor should resonate at the 
modulation frequency. However, it's not 
too important that the waveform be 
sinusoidal. 

attached to the chassis under the oscilla-
tor compartment. The construction of 
the filter is shown in fig. 5. 

The 110-volt ac input enters the chas-
sis through another low-pass filter. I was 
fortunate enough to find several good line 
filters at a local surplus emporium. How-
ever, a suitable unit could be made by 
using two more low-pass filters similar to 
the one in the positive-voltage line. They 
should be enclosed in a metal box. 

The 110-volt ac input should enter the 
chassis through a male plug mounted 

1/2 AMP 

=0= LINE 
II II 1 

FIL TER 

TO OSdLLAWR 
O 

TO OSCILLATOR 

OAM 

ALL CAPACIWRS IN pF 
ALL RESISTORS UZ WATT 

fig. 4. Power supply—modulator schematic. A simple voitage-doubler, zener regulated supply is 
used. The modulator supplies either a-m or fm sweep voltage. 

The degree of amplitude modulation 
and the sweep width are controlled by 
the "modulation" pot. Sweep voltage is 
fed to a BNC connector on the chassis 
rear apron for connection to a scope. 

shielding and fayout 
The rf oscillator must be well 

shielded-this means no extra holes in the 
compartment. In most signal generators, 
rf leakage occurs primarily through the 
power-supply circuit into the ac line. To 
reduce this, the positive supply voltage 
enters the oscillator compartment 
through a two-section low-pass filter 

inside the filter box. The entire filter 
assembly should be bolted to the chassis 
wall. 

Make sure the ac line enters the chassis 
through the filter. It's pointless to bring 
the ac line into the chassis through a 
grommeted hole and then connect it to 
the filter. Enough rf will be floating 
around to couple into any unshielded 
length of line cord. 

General layout isn't critical. The 
power supply is constructed mostly on a 
piece of punched board. The modula-
tion-sweep circuit is also constructed on 
punched board. The power supply is 
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mounted below chassis; the modulator-
sweep circuit is mounted on top of the 
chassis behind the "modulation" control 
next to the oscillator enclosure. 

Coils are mounted on a vertical plate 
near the end of the bandswitch. The coils 
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fig. S. Enclosure details for the low-
pass filter. Shielding is Important, 
since the positive supply voltage en-
ters the oscillator through this unit. 

extend around and alongside the band-
switch. The emitter follower and ale were 
built on a small piece of punched board. 

The enclosures are made from fairly 
thin brass. Most of the rigidity is obtained 
by using a 1/8-inch-thick front panel. A 
bottom plate is necessary if you don't use 
a cabinet. 

reference 

1. L. Nelson-Jones, "Wide-range General Pur-
pose Signal Generator," Wireless World, Apri l , 
1968. 
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TRI-EX'S 

MW 
S E R I E S 

Pound for pound the 
strongest self-supporting 
steel towers available. 

The new economy MW 
Series towers are designed 
to support up to 9Vz sq. ft. 
of antenna area. Featuring 
Tri-Ex's extra strong tor-
sional twist resistant "W" 
bracing, the all steel MW 
crank-up towers come In 
three sizes, each fully gal-
vanized for carefree main-
tenance. Models available, 
by height, are: MW-35', MW-
50', and MW-65' . Nested 
height is between 21' and 
22'. Hinged base and wall 
bracket included with MW 
tower orderl See your local 
dealer or write for free cata-
log today. Prices start as 
low as: 

$157.35 

x TOWER CORPORATION 
RfSMUSSEN AVE. VISALIA, CALIF. 93277 
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temperature alarms 
for 

high power 

amplifiers 

Some simple circuits 

to protect 

expensive components 

from overtemperature 

damage 

The most expensive component in a 
high-power linear amplifier is usually the 
tube, which can cost from $30 to $60 or 
more; yet the important precaution of 
protecting it from overtemperature dam-
age is often neglected. 

Although current overload can ruin a 
tube, the ultimate cause of its destruction 
is often excessive heat. A simple and 
dependable temperature alarm is there-
fore a worthwhile backup to the forced-
air cooling system and protective circuits 
used in most high-power equipment. 

This article describes several tempera-
ture alarm circuits suitable for linear 
amplifiers. They were tested, although 
not all were specifically developed, for 
such an application. Similar circuits can 
be used in other equipment where protec-
tion against overtemperature is desired. 
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temperature sensors 
A temperature alarm consists of a 

sensing device and a control circuit. For 
low-temperature applications, such as in 
the common fire alarms, many simple 
devices may be used. An example is an 
extremely thin wire that melts when 
exposed to prolonged overtemperature. 

\A/ith high-power amplifier tubes, bulb 
temperature of the order of 200° C are 
common. A temperature alarm for this 
application should react to a relatively 
small temperature rise rather than a dras-
tic increase. Also the sensor must be 
suitable for use with a specific type of 
thermistor. 

thermistors 
Thermistors are semiconductors whose 

resistance to current flow is inversely 
proportional to temperature. They're 
available in many forms and with many 
operating characteristics. For high-
power-tube protection circuits, the bead-
type thermistor is most suitable. The glass 
bead construction permits operation to 
around 600° F, which is far higher than 
would be encountered in a protection 
circuit for a high-power amplifier tube. 

The bead thermistor has the fastest 
response of all types. Depending on indi-
vidual specifications, resistance changes 
from maximum to minimum in about 
two seconds in response to a sudden 
temperature change. The small size of the 
bead thermistor allows placement close to 
the device to be protected. 

The circuits in figs. 1 and 2 have 
different features. All can be powered by 
the ac heater supply in a linear amplifier, 
so a separate power source isn't required. 
When the circuits aren't triggered, current 
drain is only a few milliamperes. 

simple circuits 
The circuit of fig. 1A can operate a 

relay to activate a warning light or buz-
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zer. (The relay contacts aren't shown in 
the schematic.) The 500k pot is set so 
that when the resistance of the nominal 
100k thermistor decreases sufficiently, 
the scr conducts and energizes the relay. 
No turnoff or reset switch is necessary for 
the scr, since current through the scr will 
fall below its holding value. When the 
thermistor returns to its normal operating 
temperature, the alarm will turn off 
automatically. The zener stabilizes the 
alarm circuit's operating point against 
changes in supply regulation. 

direct audible warning 
In the circuit of fig. 2A, a dc voltage 

doubler provides operating power, and a 
zener is used as a voltage regulator. When 
the thermistor resistance decreases, the 
scr conducts, and the 1 M ? capacitor 
discharges through the scr and the speak-
er. This causes the scr to return to a 
nonconducting state. The capacitor then 
discharges through the 87k resistor. As 
long as the thermistor resistance remains 
low enough, the cycle repeats at a rate 
determined by the RC time constant. 

I! VAC 

500k 

m 

CO* THERMISTOR 
(FENWAL SASIJI) 

SOV 
SOOmA 

12 V RELAY COIL 
100-400 OHMS 

fig. 1. Two simple temperature alarm circuits that combine S C R s and thermistors. The thermistor is 
a Fenwal GA51J1 ; the scr is a 50 volt, 1.6 amp unit from Allied Radio.* 

The circuit of fig. 1B is extremely 
simple and stable. No regulator is re-
quired, since any changes in source volt-
age are reflected equally across the series 
combination of the nominal 100k ther-
mistor and the 500k pot. Again, when 
thermistor resistance decreases, the scr 
conducts and energizes the relay coil. 
With the larger 500 [ if capacitors shown, 
the alarm circuit will remain on once 
triggered. It can be turned off (when the 
thermistor temperature returns to nor-
mal) only by switching off the supply 
voltage or by using a normally closed 
pushbutton switch in series with the relay 
coil. 

•Allied Radio Corporation, 100 N. Western 
Avenue, Chicago, Illinois 60680. The 50 V, 1.6 
A S C R is catalog no. 4 9 C 3 G E X 5 G E ; Fenwal 
GA51J1 thermistor is no. 60F9909; Fenwal 
GB32J2 thermistor is no. 60F991. 

large ambient variations 
The circuit of fig. 2B is useful for large 

changes in ambient temperature. The 
simpler alarm circuits, of course, can't 
discriminate between a rise in bulb tem-
perature and a large increase in ambient 
temperature. A bridge circuit is used, in 
which a reference thermistor is located 
away from the immediate heat area of the 
device being protected, and a sensing 
thermistor is placed next to the device. 

A n increase in ambient temperature 
affects both thermistors equally, and the 
bridge remains balanced. When the 
sensing thermistor's resistance falls to a 
preset value below that of the reference 
unit, the bridge becomes unbalanced, the 
scr conducts and the relay energizes. One 
5k pot is used to balance the bridge for 
ambient conditions, and the other is used 
to set the point at which the alarm is to 
be activated. 
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construction notes 
The circuit should be breadboarded 

first, because construction will depend on 
the relay and thermistor used as well as 
conditions for mounting the thermistor 
next to the device to be protected. 

A soldering iron tip moved near the 
thermistor makes a good temperature 

ature rating is slightly lower than that of 
the glass envelope. 

Such placement is difficult and may 
involve contact with high voltages, so the 
thermistor can be anywhere near the 
upper portion bf the tube envelope. If the 
amplifier is subject to movement, as in a 
mobile installation, the bead thermistor 

fig. 2. T w o useful cir-
cuit variations feature 
an aud io alarm (A ) , and 
a comparator circuit 
(B) . 

*6 OR 12 VDC 

simulator. Don't let the iron remain in 
contact with the thermistor, or it will be 
destroyed. 

The breadboard should be set up in a 
clear area. Handling a glass-bead thermis-
tor is like working with a dust speck with 
two leads attached. If the thermistor is 
lost on a cluttered workbench, forget it! 

The sensing thermistor can be located 
next to a tube, for instance, and the other 
components can be remotely located. Or 
the thermistor and alarm-circuit compo-
nents can be grouped together. Since only 
dc is involved, there's nothing critical 
about wiring. 

thermistor placement 
The bead thermistor must be as close 

as possible to the device to be protected. 
For a tube, it should be in contact with 
the seal, because the tube's real temper-

should be held with epoxy cement or a 
ceramic adhesive. 

A similar mounting method can be 
used with transistors. Special care must 
be taken to keep the fine wires of the 
thermistor from contact with the transis-
tor's metal case. Only the glass bead 
should contact the transistor. A high-
temperature cement should be used to 
place the thermistor and its leads around 
the area where the bead contacts a metal 
case. 

operation 
With the device to be protected oper-

ating normally, set the alarm circuit so it 
just ceases to operate. If you can safely 
simulate an overload condition, the alarm 
can be set to operate for any desired 
overload. 

ham radio 
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scr 

regulated 

power supplies 

Silicon-controlled rectifiers as power-
supply regulators have many advantages 
over transistors or vacuum tubes. The scr 
is an electronic switch that may be either 
on or off, Transistors or tubes also may 
be operated in either of these states, but 
generally they're used as variable resistors 
that change value at a rapid rate to 
maintain constant power-supply output. 
Such operation causes heat problems that 
limit maximum output. 

Because of low voltage ratings of 
transistors and low current ratings of 
vacuum tubes, transistors have been used 
in low-voltage, high-current regulators 
and vacuum tubes in high-voltage, low-
current regulators. Silicon-controlled rec-
tifiers are now available with ratings of a 
thousand volts and several hundred am-
peres. Therefore, scr's can be used in 
regulated power supplies instead of tran-
sistors and vacuum tubes. 

Series regulators are more efficient 
than shunt types, so the following discus-
sion is confined to series-type scr regula-
tor applications. 

operation 
The basic scr regulator circuit is shown 

in fig. 1. It consists of two resistors, an 
electrolytic capacitor, and an scr. Note 
that the regulator is inserted between a 
full-wave unfiltered rectifier circuit and 
the load. This circuit provides a regula-
tion against changes in load current and a 
variable output, which is controlled by 
R2. 

The circuit operates as follows. When 
power is applied, pulsating dc appears on 
the scr anode and across voltage divider 
R1, R2. Adjusting R2 provides a voltage 
for the scr gate. 

For convenience, let' Ea represent the 

maximum anode voltage and Eg the 
maximum gate voltage, as shown in fig. 2. 
For an scr to conduct, both gate and 
anode must be positive with respect to 
the cathode. To turn off an scr, the anode 
must be negative with respect to the 
cathode. On the first cycle conditions for 
conduction are met, and the scr conducts, 
which charges the capacitor. Near the end 
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fig. 1. Basic scr regulator (dashed box). Circuit 
provides regulated load current and variable 
output voltage, adjusted by R2. 

of the first cycle, the scr turns off after 
the anode goes negative with respect to 
the cathode. The capacitor voltage keeps 
the cathode at a positive potential with 
respect to ground. If the capacitor voltage 
is larger than Eg, the scr wil l not conduct 
on the next cycle: in fact, several cycles 
may pass before the voltage on the 
capacitor drops below Eg. When this 
happens, the scr again charges the capaci-
tor, and the process repeats. 

The output is limited approximately 
to Eg, wi th a sawtooth ripple component 
determined by R1 and C. 

Increasing C increases filter action by 
increasing the time constant, which pre-
vents the capacitor from charging to a 
voltage much higher than Eg. Output 
voltage can be either increased or de-
creased by adjusting R2. R1 prevents 
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excessive gate current when R2 is ad-
justed for maximum output. Changes in 
RL will not vary output voltage. Higher 
load currents increase sawtooth ripple 
frequency to a maximum of 120 Hz for 
60-Hz power. Minimum ripple frequency 
can be smaller than 1 Hz with large values 
of C and RL, which means the scr 
conducts once every second or so. Re-
member, the sawtooth ripple component 
is caused by the scr conducting. 

low-voltage supplies 
Suppose the transformer of fig. 1 is 

rated at 100 watts, and Ea is 30 volts. If 
R2 is adjusted for 20 volts, the load could 
draw 5 amperes. This, of course, assumes 

fig. 2. Output waveforms 
demonstrating scr opera-
tion. 

the transformer is 100 percent efficient 
and no power is lost in the scr. If output 
is reduced to 10 volts, the load could 
safely draw 10 amperes. The load power 
is independent of output-voltage ampli-

sink with mica washers. The output can 
be regulated for changes in line voltage 
with a zener across R2. If you want more 
than one output voltage, another regula-
tor can be connected to the junction of 
D1 and D2 in fig. 1. The potentiometer 
could be adjusted to give the second 
output voltage. Since output is a function 
of the potentiometer setting, R2 can be 
calibrated in volts, eliminating an output 
voltmeter. R1 and R2 aren't critical and 
can be determined from the minimum 
and maximum scr gate currents. As pre-
viously stated, R1 limits the maximum 
gate current if R2 is adjusted for this 
voltage. The capacitor should be as large 
as practical. 

high-voltage supplies 
The techniques discussed for low-

voltage supplies may be used for high-
voltage power supplies-with a few pre-
cautions. 

The gate-to-cathode potential could be 
exceeded after the capacitor is charged. 
For instance, assume the capacitor is 
charged to 200 volts. When the ripple 
voltage is zero, the gate wi l l be 200 volts 
below the cathode. This wil l cause a short 
to develop at the gate-to-cathode junc-
tion. To prevent this, a diode is inserted 
in series with' the gate {fig. 3). The scr 
peak inverse rating must be equal to, or 
greater than, Ea of fig. 2. 

If the adjustable output feature isn't 

fig. 3. An scr-regulated 
supply without adjust-
able output control. R1, 
R2 can be determined 
with a decade resistance 
box; D1 and D2 prevent 
gate-to-cathode short cir-
cuits. 

J 
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X 

T 
X 

-0*300V 

02 fte 

tude. For high load currents, the scr must 
be mounted t a a heat sink which, in most 
cases, could be the chassis. The scr must 
be electrically insulated from the heat 

needed, and you wish some degree of 
regulation for load-current changes, the 
circuit of fig. 3 provides regulated out-
puts of 800 and 300 volts. With loads 
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removed, the regulators prevent the out-
put voltages from increasing. R1 and R2 
are best determined by using a resistance 
decade box: resistance is changed until 
the required output voltage is obtained. 
This allows transformers with higher volt-
ages than required to be used, since 

Don't forget to insulate the scr's from the 
metal chassis with mica washers. If a 
cabinet is used, it should be well ventila-
ted. 

conclusions 
These techniques have been used in 

NOTE n IS A STANDARD TELEVISION REPLACEMENT TRANSFORMER 
T2 IS A STANDARD FILAMENT TRANSFORMER 
ALL SEMICONDUCTORS ARE MOTOROLA TYPES 

fig. 4 . Practical power s u p p l y using scr's. T h e pot in the low-voltage unit can be cal ibrated direct ly 
in volts, e l iminat ing an o u t p u t voltmeter. 

output voltages can be reduced to any 
value by adjusting the gate resistors. 

practical circuit 
The schematic of fig. 4 is a regulated 

supply that provides useful voltages for 
many amateur applications. The precau-
tions about mounting the scr's to heat 
sinks should be observed. The trans-
formers, of course, occupy the most 
space. They can be mounted on metal 
chassis, which can also serve as a heat sink 
for the scr's. The other components can 
be mounted on a punched board, located 
vertically to save space. The 5k pot in the 
low-voltage supply can be calibrated di-
rectly in volts, as suggested previously. 

several power-supply applications. Since 
scr's are either on or off, it's a simple 
matter to determine if the regulator is 
working. If the regulator fails due to the 
scr shorting, output will rise to the 
maximum value. 

Several output voltages may be ob-
tained by connecting additional regula-
tors to the rectifier outputs. The voltage-
control pot may be calibrated directly in 
volts, eliminating the need for an output 
voltmeter. Changes in load current don't 
appreciably change output voltage. A 
zener across R2 (fig. 1) will provide 
regulation for line voltage variations. 

ham radio 
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microwave hybrids 
and couplers 
lor 

amateur use 

Circuits borrowed 

from the microwave 

domain 

have many uses 

at the lower 

frequencies— 

here are 

some applications 

Microwave hybrids are extremely versatile 
devices. They have many applications not 
necessarily restricted to the microwave 
region. This article explains how these 
circuits may be put to use at the higher 
amateur frequencies, where communi-
cation may be enjoyed without the inter-
ference and noise created by thousands 
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of commercial kilowatt transmitters. 
When hybrids are mentioned, many 

hams think of bifilar-wound coils on 
toroidal forms. However, the circuits des-
cribed here may be constructed from 
coaxial line for vhf or uhf use. For the 
higher frequencies, they may be con-
structed using stripline, microstrip, or 
waveguide techniques. 

Three devices are considered: 

1. The half hybrid {fig. 1). This is a 
degenerate form of a 4-port device 
that may be used as a power combiner 
or divider. 

2. The branch directional coupler, 
fig. 2, which is a quadrature hybrid 
with some interesting applications for 
moonbounce work and ssb. 

3. The coaxial rat race (fig. 3). Some-
times called a 180° hybrid, this circuit 
may be used as part of a balanced 
modulator or to match or balance two 
equal loads (as in combining equal 
sections of an antenna array}. 

fig. 1. The half hybr id , useful as an 
isolator between t w o power sources. 
Impedance at each port is 5 0 ohms. 
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the half hybrid 
This is the simplest of the devices 

described. It consists of a Y or T junc-
tion, two %-wave matching transformers, 
and a bridging resistor. 

If the half hybrid is fed at port 1 (fig. 
1), the signal will divide equally between 
ports 2 and 3. Because no phase differ-
ence exists at ports 2 and 3 when 
properly terminated, no voltage appears 
across the resistor; therefore no power is 
absorbed. If, however, an imbalance 
exists due to a mismatch, part of the 
signal will be absorbed by the resistor and 
part will be reflected to the generator. If 
the generator impedance is 50 ohms, it 
will absorb the reflected portion. The 
isolation between output ports is inde-
pendent of the match provided by the 
loads. 

• E 

fig. 2. The branch directional coupler. This 
device divides power between two matched 
loads. 

ALL PORTS 50 OHM 

RING OF TO-OHM LINE 

fig. 3. Coaxial rat race, or ring coupler. 
I t can be used to balance similar sections 
of an antenna or as a balun. 

Offhand the source of this isolation 
may seem vague; but if the circuit is 
redrawn as in fig. 4, the path from port 2 
to port 3 resembles the familiar bridged-T 
network. In this circuit, a signal at port 2 
will be nulled at port 3. Therefore, the 

100 JVW-

fig. 4. Equivalent circuit of the half hybrid. 
Note the resemblance to the bridged-T net-
work. 

load impedance at each port is not a 
factor in the isolation between ports. 

The half hybrid may be used to 
provide isolation between two power 
sources, such as a pair of power transis-
tors. A fail-safe arrangement is thus ob-
tained, whereby failure of either compo-
nent will not affect the load presented to 
the other unit. Power output will de-
crease by 6 dB as input power will 
dissipate in the bridging resistor, but 
loading conditions presented to the 
source will remain unchanged. 

In applications requiring high reli-
ability during prolonged unattended oper-
ation (as in fm repeaters), half hybrids as 
combining networks offer a passive means 
of ensuring uninterrupted service without 
resorting to complex switching mechan-
isms. 

branch coupler 
The branch coupler is a 4-port device. 

It divides input power between two 
matched loads. The isolation between 
two input ports is a measure of the match 
provided by the loads. A 90° phase 
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difference exists between the signals at 
the two output ports, because one signal 
travels % wavelength farther than the 
other. This device can be used for 
sampling a portion of the signal for 
reference or comparison purposes. 

r 
•E 

3~l 

fi.g 5. The branch coupler. If port 3 is 
short-circuited, branches 1-3 and 3-4 may be 
removed. 

analysis 
To understand the design principles of 

the branch coupler, consider the case of 
the 3-dB version, in which the input 
power is divided equally between the two 

branches 1-3 and 3-4 shorted 34-wave 
stubs, shunted across ports 1-4. Thus they 
may be removed, leaving only branches 
1-2 and 2-4. 

If power is to divide equally between 
ports 2 and 4, port 4 must present a 
50-ohm load at port 2. The characteristic 
impedance of branch 2-4 must therefore 
be 50 ohms, thus establishing an imped-
ance of 25 ohms at port 2. In order to 
match this to a 50-ohm input, branch 1-2 
must have a characteristic impedance of 
35 ohms, which can be obtained with two 
70-ohm coaxial line sections in parallel. 

When the network is "reassembled," 
branch 1-3 will be the same as branch 2-4; 
while branch 3-4 will be the same as 
branch 1-2. For a general solution of the 
design, the branch impedances will be: 

1-3 
f 

= 2=4 Power (2) 
Power (4) 

1-2 = 3-4 = 
Power (2) 
Total power 

applications 
Several applications of the branch 

coupler are of interest for amateur work. 
For example, a 3-dB coupler can be used 

fig. 6. The branch coupler 
used to phase out front-
end image in ssb receiver 
applications. 

load ports. 
In a perfectly matched coupler no 

signal exists at port 3, so this port can be 
short-circuited without affecting power 
distribution (fig. 5). This would make 

as a phasing power divider to feed a 
circularly polarized antenna. Another use 
would be as a 90° phase shifter for 
phasing-type ssb generators. 

Let's first consider the power divider. 
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If a signal fed to port 1 produces clock-
wise phase rotation, feeding port 3 will 
produce counter clockwise rotation. If 
both ports are fed simultaneously, 
linear polarization will result. A line 
stretcher in one of the inputs would 
permit adjustments to any desired phase 
angle. 

A received signal of the same polari-
zation as that transmitted would appear 
at the same port from which it was 
transmitted. A signal of opposite phase 
rotation, such as a reflected signal, would 
appear at the other port. 

In microwave applications, isolation 
from 40 to 50 dB has been obtained 
under ideal conditions. The thought 
occurs that this idea might be useful for 
moonbounce work; however, I have no 
information as to how much the circular 
polarization would be degraded. 

coupler may be synthesized with appro-
priate values of L and C. An equivalent 
%-wave line may be constructed for any 
desired characteristic impedance (fig. 7). 
The absolute values of each reactance at 
the design frequency should equal that of 
the line being synthesized. The capacitors 
in the final version, fig. 8, are identical in 
value. 

(ELECTRICAL LENGTH) 
» e tj 

L • I I • LOAD 

i r — 

fig. 9. Capacitively-coupled hybrid is an-
other form of the 9 0 ° or quadrature hybrid. 

f i g . 7. S y n t h e s i z e d 
'/4-wave line of impedance 
Zo. 

single sideband 
Single-sideband phasing techniques 

have been used in microwave receiver 
design to phase out the image signal. This 
method also offers a theoretical 3-d B 
reduction in front-end noise. 

I 

f i g . 8. Lumped-
constant equivalent 
circuit of the branch 
coupler. r h t~h 

A block diagram of such a system1 is 
shown in fig. 6. The second 3-dB hybrid 
operates as a combining network designed 
for the intermediate frequency. Balanced 
mixers could be used to cancel the noise 
contributed by the local oscillator. 

impedance synthesizer 
At lower frequencies, the branch 

coaxial rat race 
The standard form of the 50-ohm rat 

race, or ring coupler, is shown in fig. 3. It 
consists of a closed loop of 70-ohm line 
with a circumference of three 14 wave-
lengths. The four ports are located % 
wavelength apart, with first and fourth 
ports connected by a %-wave line. 

A signal fed to port 1 divides in two; 
each half travels around the loop in 
opposite directions. The path to port 4 is 
Vz-wavelength longer than that to port 2, 
so the two signals arrive at their respec-
tive loads in phase opposition. Port 3, 
located midway between the two loads, 
will therefore receive no signal. The loads 
must be identical for this cancellation to 
occur. 

As a matter of interest, both loads can 
be removed, leaving only the loop with 
ports 1 and 3. Cancellation will occur at 
the center frequency. This dual-path 
structure is known as a re-entrant filter. 

If the signal is fed to port 3, the two 
loads will be fed in phase. Any in-phase 
reflections of equal magnitude from ports 
2 and 4 will arrive at port 1 out of phase 
and will therefore cancel. If the loads are 
unequal, and the reflected signals differ in 
amplitude or phase, or both, then cancel-

JL-X 
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lation will be incomplete, causing a signal 
to appear at port 1. In some applications, 
a matched load may be placed at the odd 
port to absorb the imbalance. 

applications 
The rat race offers an excellent means 

of adjusting signal balance between simi-
lar sections of an antenna array. A detec-

flg. 10. Coax rat race constructed with 50-ohm 
line. 

tor-indicator, such as a receiver with an 
S-meter connected at port 3, would show 
imbalance between array sections. Identi-
cal lengths of transmission line must be 
used between ports 2 and 4 and their 
respective loads to avoid complications 
due to phase differences. 

The rat race also functions well as a 
balun. When used for this application, the 
balanced load impedance is twice that of 
the coax input line, and port 3 is usually 
grounded. 

capacitively-coupled hybrid 
The capacitively-coupled hybrid 

shown in fig. 9 is another form of the 90° 
or quadrature hybrid. Coaxial line of any 
convenient characteristic impedance can 
be used in its construction as long as the 
correct line length and proper coupling 
capacitances are used. The electrical 
length of the line elements is computed 
from: 

Coupling (dB) = - 2 0 log10cos 0 

The reactance of the coupling capacitors 
is: 

X c = ZQ tan 0 

Thus, for a 3 dB hybrid using common 

50-ohm coaxial cable, the lines would 
have an electrical length of 45°, and the 
coupling capacitors would each exhibit 
50 ohms reactance. 

50-ohm rat race 
If you don't happen to have any 

70-ohm line handy, you can make a rat 
race with 50-ohm line, which is suitable 
for spot frequency or narrowband work. 
In this version (fig. 10) ports 1 through 4 
are separated by 0.153 wavelength of 
50-ohm line. The long side is 0.653 
wavelength, taking into account the 
cable's velocity factor. 

At lower frequencies, the rat race is 
replaced by a center-tapped transformer. 
In the higher-frequency regions, where 
waveguide is used, a device known as the 
"magic Tee" performs the same func-
tion.2 

In all regions of the radio spectrum, 
hybrid devices exist in one form or 
another, which can contribute much to 
the versatility of equipment design. 
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1. M. Loss, "Phasing Unwanted Images Out of 
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J*y l a r ry a l ien 

doing your own 
transistor tests 

T o hear some guys tell it, a transistor is 
the easiest thing in the world to test. But 
others don ' t agree. A transistor to them is 
still a mystery. 

Well, the truth is, most transistors can 
be tested without complicated equip-
ment, gimmicks, calculations, or formu-
las. T o keep it simple, there are just two 
basic things you need to find out about a 
transistor: (1) Does it work at all? (2) 
H o w well? 

transistor parameters 
That word "parameters" scares off a 

lot of hams. It conjures up complicated 
graphs with bent lines and long formulas 
with Greek symbols and big and little 
letters. Al l the word actually refers to is 
conditions of operation. 

One transistor manual lists 103 pos-
sible parameters. They ' re great for a 
transistor designer. But a lot fewer is 
plenty for testing on the repair bench. In 
fact, I won ' t even use the term "param-
eters." Instead I'll just tell you about the 
voltages, currents, and resistances that tell 
you how a transistor is doing. 

I'll start with the diagram of a simple 
transistor stage in fig. 1. This is a 
grounded-emitter ampl i f ier-probably the 
most c ommon transistor stage in use 
today. 

The transistor is npn. Bias is forward 
when the base is slightly positive with 
respect to emitter. The collector is " f a r " 
positive with respect to emitter. 

A pnp transistor takes negative voltage 
on the base to forward bias the emitter-
base junction. That 's not necessarily a 
negative voltage to ground, but to emit-
ter. The collector of a pnp operates " f a r " 
negative from the emitter. 

which way is up? 
Some hams I've talked to about tran-

sistors seem confused by operating volt-
ages. One key to understanding is know-
ing how to describe the voltages. 

For example, in fig. 1 if the base 

9.5 V 

f ig. 1. C o m m o n - t w s e t rans i s to r amp l i f i e r is 

popular in amateur equipment. 

voltage changes to 0.1 volt, it has ob-
viously become less positive. That means 
less positive with respect to wherever 
you ' re measuring from, and for most 
measurements that is ground. 

Look at the same voltage with respect 
to the emitter. A s it's labeled on the 
diagram, the base is normally more posi-
tive than the emitter by about 0.3 volt. 
(The emitter is 0.15 volt, and the base is 
0.45 volt; between the two is 0.3 volt, the 
base more positive than the emitter.) 

K n o w what that means. " M o r e nega-
tive" is exactly the same thing as "less 
positive." A n d "more positive" means the 
same as "less negative." 

If the base voltage in fig. 1 drops to 
0.1 volt, the voltage relationship between 
base and emitter changes. The difference 
is then 0.05 volt (0.15 minus 0.1 equals 
0.05), but the base has become less 

positive than the emitter. That ' s the same 
as saying it is more negative than the 
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emitter. The emitter-to-base bias has be-
come 0.05 volt negative. (Call it emitter-
base bias, not base-emitter bias. You want 
the emitter as the point of reference, so 
name it first.) An npn transistor with the 
base negative is reverse-biased. Collector 
current can't flow. 

This should make clear that, even 
though you measure voltages with your 
voltmeter common lead connected to 
ground, the important thing is the voltage 
between elements of the transistor. In 
most transistor stages, your chief interest 
is the voltage between emitter and base; 
of secondary interest is the voltage be-
tween emitter and collector. 

Suppose someone tells you the base 
voltage on one of these transistors has 

Hf 
-9.5 V 

iS«« <47* £ 
o 

- lev -izv rh 

L 
fig. 2. Changing polarity of power supply 
doesn't alter circuit arrangement or operation. 

"gone up." What does that really mean? 
Usually he means the voltage is higher in 
the polarity shown on the schematic. 

Consider the base voltage in fig. 2. It 
appears "lower" than the emitter voltage. 
Its value is less. Measured to ground, the 
base voltage is less negative than the 
emitter voltage. The important thing is 
this: being less negative, the base is more 
positive than the emitter. That provides 
forward bias for any npn transistor. 

If the base voltage goes up—that is, if 
it goes further negative with respect to 
ground, as the voltmeter measures—the 
bias actually decreases. Say the meter 
measures —9.4 volts. The base has become 
more negative than it was. Looking from 
the standpoint of emitter-base bias, it 
tells you more if you say bias has become 
less positive. Forward bias is therefore 
reduced. Your voltmeter thus shows base 
voltage higher than before, but bias is 
less. 

These are important relationships in 
transistor repair work. The simplest way 
to combat this seeming ambiguity is to 
quit using such vague notions as "up" and 
"down" for voltage measurements. Form 
the habit of thinking more negative or 
less negative, more positive or less posi-
tive. 

tests that reveal 
At the repair bench you are usually 

concerned with a transistor in some piece 
of equipment. Tests you can make with-
out unsoldering the transistor are the 
handiest. 

There are three ways to evaluate a 
transistor in that circumstance. Two addi-
tional tests can be made if you unsoldered 
one or two transistor connections. 

Finally, two quick test procedures 
evaluate a transistor outside the circuit. 
They are especially handy if you have a 
batch of unidentified transistors you 
want to check out. Even these tests can 
tell you more about transistor quality 
than you might expect. 

voltage measurements 
Once you examine dc flow in transis-

tor stages, you can figure out a lot from 
the voltages. If a voltage is wrong, deduc-
tion can tell you whether it's the transis-
tor or something external. 

Pretend the stage in fig.3 is giving you 

-Q45V 

is?* <56* 

- O.I5V 
r/o 

'SOyF 5 52 

-ISV m O 
-I2V 

fig 3. Pnp transistor in this basic amplifier 
works the same as npn; only change involves 
voltage polarities on the various elements. 

trouble. Your voltmeter tells you the base 
actually has —5 volts on it instead of the 
low —0.45 volt that's normal. Think out 
the possible causes. 

Could be one of the base resistors is 
bad. But collector-base leakage in the 

ju ly 1 9 7 0 ^ 6 3 



transistor is far more likely. You can 
verify by disconnecting the base lead of 
the transistor. If voltage on the open base 
lead is still highly negative, the transistor 
junction is leaky. 

Or, in the same stage, suppose the 
emitter measures —0.9 volt. For some 
reason, more current than normal is 

The other two in-stage test ideas util-
ize a transistor's bias characteristic. For 
most transistors, zero and reverse bias 
cause zero collector current. A healthy 
forward bias assures significant collector 
current. These precepts of course apply 
only if the transistor is not defective. 

The first test is for stages in which the 

o o 

e 
fig. 4. Voltmeter connections in several amplifier stages for making bias-change operation tests. Idea 

is to eliminate bias on stages that normally use forward bias and add it to those that don't, while 

watching the change in collector current. Y o u can add a resistor if the collector circuit doesn't have 

one. 

flowing in the 52-ohm resistor the emitter 
voltage is measured across. The transistor is 
probably drawing too much current. 

But is that due to overbias or a 
transistor defect? If base voltage has 
remained about the same, the trouble is 
likely in the transistor. You see, —0.9 volt 
at the emitter, with only -0 .45 volt at the 
base, constitutes reverse emitter-base bias 
for this pnp transistor. That would reduce 
current through the transistor, not in-
crease it—unless the transistor happens to 
be defective. 

There are plenty of other examples of 
this kind of reasoning. Just remember 
which polarity of transistor you're deal-
ing with and the likely effects of voltage 
changes. And don't forget to interpret 
voltage measurements in terms of their 
relation to each other and to the transis-
tor itself. 

transistor operates with forward bias. 
You can determine that from the sche-
matic. Remember, forward bias is base-
positive for an npn transistor and base-
negative for a pnp. 

Connect your voltmeter at one of the 
points shown in fig. 4. Several possible 
connections are illustrated. If you need it, 
you can insert the 100-ohm resistor; its 
value won't bother the circuit much. 
Indirectly you are measuring collector 
current. 

Notice the voltmeter reading. Then 
clip a shorting jumper between base and 
emitter. The voltmeter reading should 
drop to almost nothing. If it doesn't, the 
base isn't controlling collector current. 

The second test is for stages where 
zero or reverse bias is normal. (The 
transistor may conduct, but probably 
during only a small portion of each signal 
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cycle, leaving an average or dc bias that is 
zero or reverse.) The voltmeter connec-
tions are the same as in fig. 4. 

This time, instead of eliminating bias 
by shorting base to emitter, you apply a 
definite forward bias to base. Figure out 
from the schematic what would consti-
tute forward bias for the transistor. Then 
somehow alter the bias to make it tem-
porarily forward. The meter reading 
should take a definite move upward, 
signifying more collector current. 

For instance, the npn transistor in fig. 
4A has forward bias only when the base is 
more positive than the emitter. How do 
you make it more positive? One way is to 
reduce the value of the supply resistor, 
since it goes to a positive voltage source. 
Just bridge it with a low-enough resis-
tance to make the base more positive 
than the emitter. If the transistor is 
working normally, the voltmeter shows 
more collector current. 

In fig. 48 the basic supply scheme is 
different. But the transistor is still npn. 
Forward bias requires base to be more 
positive than emitter, same as always. But 
how can you make it that way? Just 
remember that more positive is the same 
as less negative. Bridge a lower resistance 
from base to ground, low enough to 
reduce the base voltage to a value less 
than at the emitter. Collector current 
goes up. If not, the transistor isn't re-
sponding as it should. 

The transistor in fig. 4C is pnp. For-
ward bias demands a base more negative 
(less positive) than the emitter. It should 
by now be easy for you to figure how to 
make this base less positive. When you 
do, the voltmeter should register higher 
collector current. 

detecting abnormal leakage 
Those tests let you know a transistor 

can control its collector current. That's 
the key factor. But there's another factor 
that can keep a transistor stage from 
performing up to par. You need a way to 
check leakage. 

Basically, it's easy. Your voltmeter and 
soldering gun are the only equipment you 
need. 

The leakage that can most upset stage 
operation is from collector to base. The 
collector junction of an operating transis-
tor has a high reverse bias. If that 
junction lets "carriers" through in the 
wrong direction, transistor gain is poor. 

To measure collector-base leakage, dis-
connect only the base lead of the transis-
tor. Clip the voltmeter common lead to 
the emitter. Set the voltmeter as if you 
were measuring collector voltage. Touch 
the other test lead to the free end of the 
base lead. Voltage there should be almost 
nonexistent. Unwanted leakage lets cur-
rent across the junction to the meter. 

testing out-of-circuit 
If you have a transistor tester, fine. 

With a good one you can test transistors 
in or out of the stage faster than with the 
tests I've outlined here. But if you don't 
have one, you may often need these 
procedures. 

Tests outside the stage are popular 
with hams. The basic instrument is your 
ohmmeter. There are two main purposes. 
One is identification. The other is evalu-
ation. 

Hams often pick up transistor "bar-
gains." You get a handful of odd-lot 
transistors, often unmarked or marked in 
some way that means nothing to you. 
You may not know if they're pnp or npn. 
You might not even know which wires go 
to emitter, base, or collector. Here's how 
to settle these doubts. 

An ohmmeter with 1.5 volts or less 
between the test leads is safest (measure 
with some other voltmeter). More voltage 
might pop a transistor junction. Also, 
notice which test lead has the positive 
voltage and which the negative; you'll 
need to know for these tests. Nowadays, 
it seems most ohmmeter batteries are 
connected with positive voltage on the 
common or black test lead. 

Pick any two transistor wires. Clip the 
ohmmeter to them in first one direction 
and then the other. If you get no reading, 
try another pair, again measuring in both 
directions. 

When you get a low ohms reading (150 
or less), one of the ohmmeter leads is 
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clipped to the base wire. The way most 
transistors are arranged, it is the wire in 
the middle. 

But you can make sure. Leave one 
ohmmeter lead clipped to the wire you 
think goes to the base. Move the other 
lead to the remaining transistor wire. If 
the ohmmeter reading is again low, the 
lead you didn't move is definitely clipped 
to the base. If not, the one you moved 
was. 

You can now identify the transistor 
type. When you get low readings to both 
other elements with the positive ohm-
meter lead connected to the base, you are 
testing an npn transistor. A pnp transistor 
gives low readings when the negative 
ohmmeter lead is clipped to the base. 

You've identified the base, but you 
don't know which of the other two wires 
goes to the collector. There were clues in 
years past, but you can't trust the dots, 
stripes, and tabs on today's myriad of 
transistors. And basing diagrams aren't 
standard enough to help much either. 

Start wi th the ohmmeter connected to 
show low resistance between the base and 
either of the other elements. You know 
which wire is base, so unclip that lead and 
move it to the other unidentified wire. 
The meter should read inf ini ty, or open. 
If not, the transistor is defective. 

Then click the range switch of your 
ohmmeter to higher scales unti l you see a 
slight downward meter deflection (some-
thing less than inf ini ty). This usually 
happens on the RxlOk or Rx100k range. 
Next, reverse the two ohmmeter leads. 
The ohms reading wi l l either go lower or 
return to the inf ini ty end of the scale. 

Connect the leads for the lower read-
ing. Of course they are between emitter 
and collector. The negative ohmmeter 
lead is at the collector. This works for 
npn or pnp. Put a spot of paint or 
fingernail polish by the collector wire so 
you can identify it thereafter. 
leakage by ohmmeter 

The tests you've already made tell you 
if a transistor is leaky or shorted. It's just 
a matter of interpreting. 

When you've established the two low-
resistance readings from the base, notice 

Two-step method for identifying transistor type 
and base, collector and emitter connections. 
You need only your ohmmeter, but the transis-
tor should be out of the circuit. 

ohmmeter tests 

Step 1. F ind transistor lead that measures low 
R{150 ohms or less) to both other leads; that is 
the base lead. 

If the ohmmeter 
lead on the base 
goes t o the . . . negative positive 

end of your ohmmeter 
bat tery, the 
transistor is . . . PNP NPN 

Step 2. Connect the ohmmeter for lowest R 
(above 10k) between the remaining transistor 
leads. 

The negative ohmmeter lead identi f ies the 
col lector 

the readings in the reverse directions. If 
they're under 10k for either junction, 
there is too much leakage. 

If you f ind low readings in both 
directions between any two leads, that 
junction is shorted. If a reading between 
two leads shows open both ways, even on 
the RxIGOk scale, that junction is open. 

A reading less than 10k from collector 
to emitter, in either direction, indicates 
too much leakage. 

next month 
While your attention is on transistors, 

perhaps it's a good time to go into a 
complaint hams hear first from other 
hams. Ever been accused of putting out a 
distorted voice signal? It's easy for distor-
t ion to creep into speech amplifiers and 
you never know until someone hollers. 

Usually the tests outlined this month 
spot any transistor defect that might 
cause distortion. But other parts in the 
stage can be responsible. And then there's 
always the oddball transistor that tests 
okay but goes ahead and creates distor-
t ion anyway. In my next column I' l l tell 
some ways you can get rid of that kind of 
trouble. 

ham radio 
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tebook 

simple w w v receiver 
The simple fixed-tuned WWV receiver 

shown in fig. 1 uses a crystal filter and an 
IC i-f amplifier designed by W6GXN (ham 
radio, November 1969, p. 24). Rf and 
audio amplification are provided by two 
inexpensive experimenter's modules avail-
able from the International Crystal Com-
pany. Selectivity with the crystal filter is 
excellent-on the order of 6 kHz—more 
than sufficient for reliable WWV recep-
tion. 

Doug Pongrance, WA3JBN 

surplus ic's 
Now that surplus digital integrated 

circuits are so commonplace, more and 
more experimenters will be using them in 
their circuits. Unfortunately, most of 
these low-cost ICs use 14-lead flat 
packs—with leads spaced 0.05 inch apart. 
This small spacing and the natural fragil-
ity of the IC makes them extremely hard 
to solder into a circuit. 

*The SAX-1 transistor rf amplifier is $3.50; be 
sure to order the low kit (3 to 20 MHz) for 
this application. The BAX-1, a hroadband 
untuned amplifier that is useful from 20 Hz to 
150 MHz, is $3.75. Order from International 
Crystal Mfg. Co., Inc., 10 North Lee, Okla-
homa City, Oklahoma 73102. 

Of 2i sv 

L I 10 to 18 MH ( C T C X 2 0 6 0 - 4 ) L 2 3.3 MH. 30 turns no. 26 enameled on a 
T 4 4 - 1 0 core 

fig. 1. S i m p l e W W V receiver uses active i-f filter for selectivity. T h e S A X - 1 and B A X - 1 modules are 
available f rom the International Crysta l C o m p a n y . * 
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However, I have found a simple meth-
od that works out very well. First of all, 
bend leads 2, 4, 6, 9, 11 and 13 down at 
the case at a 90° angle. Now all the leads 
are spaced 0.1 inch apart; much better for 
soldering and making circuit board con-
nections. Bend the remaining leads down, 
out from the case an 1/8 inch or so. 

Use the layout shown in fig. 2 for 
putting the ICs on a circuit board. I made 
a small template from a piece of alumi 
num, and attached it to the circuit board 
with a piece of Scotch tape and drilled 

fig. 2. Full-size drill tem-
plate for mount ing 14-lead 
i n t e g r a t e d circuits on 
printed-circuit board. 

the holes in the board. With this much 
spacing it's not too difficult to draw 
circuit trails. You could accomplish ap-
proximately the same thing with per-
forated board with holes on 0.1 inch 
centers, but the problem here is con-
necting wires to the fragile IC leads. It's 
much easier and quicker with an etched 
circuit board. 

Always check out the IC before you 

solder it into place. It's next to impos-
sible to remove one of these 14-lead IC's 
from a printed-circuit board without des-
troying it. Flip-flops can be tested with 
the output from your 100 kHz calibrator. 
Run a lead from the output of the IC to 
the receiver antenna socket; if the flip-
flop is working properly you should pick 
up calibrate signals at the 50 kHz points 
on the dial. I nteg rated-circuit gates can be 
given a cursory checkout with dc levels. 
For more involved testing you'll need a 
square-wave generator ^ d an oscillo-
scope. 

Nat Stinnette, W4AYV 

low-cost mobile supply 
Recently I wanted to try mobile 

operation with my Heath HW-32A, but I 
didn't want to invest in an expensive 
mobile power supply. Since I had a 
dc-to-ac inverter on hand, I decided to 
build a transformerless voltage quadrupler 
and doubler circuit using the inverter as 
the ac source. The circuit is shown in fig. 
3. Output voltages are +600 volts, +250 
volts and -130 volt bias. 

Henry Frink, W4GEG 

• • • 
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surplus relays 
Surplus 24-volt dc relays are often 

available to the amateur experimenter at 
attractive prices. Most of these relays are 
well designed (and originally very expen-
sive), but hams tend to steer clear of 
them since a 24-volt dc power supply is 
required. Not so. I've been using these 
relays, powered off the ac line, for many 
years; not even a transformer is needed, 
just a silicon diode, a resistor and a filter 
capacitor. 

27VDC 

500 mA 

fig. 4. Operat ing a 24 V d c relay f rom the 
1 ( 7 V a c tine. R e s i s t o r R is a 10-watt 

wirewound unit, the same resistance as the 
relay coi l . 

Some of the late model hermetically-
sealed relays have a relatively high resist-
ance, but most of the open-frame types 
have a resistance in the range from 150 to 
500 ohms. With the circuit shown in fig. 
4 the dc output from the diode is 54 
volts. If the resistor is chosen wi th the 
same resistance as the relay coil, 27 Vdc 
wil l be impressed across the relay. Use a 
10-watt wirewound resistor. The filter 
capacitor only has to be large enough to 
keep the relay from buzzing; generally 
100 juF wil l be more than enough. An 
electrolytic rated at 150 volts costs only a 
few cents more than one with a 50-vo!t 
rating, and the higher rating is worthwhile 
in terms of trouble free operation. 

You can obtain a small time delay 
(that is, the relay wil l hold in for a small 
time after the switch is turned off) of 1 
to 2 seconds by simply increasing the 
filter capacitor to 500 to 1000/uF. For thisi 
application a 50 working-volt capacitor is 
suitable. For longer delay periods—up to 
30 seconds—use a Globar resistor in series 
wi th the coil as shown in fig. 5. I tried 
two different types of Globar resistors, 
type FR-9 and FR-50. The FR-9 is used 

for replacement service in tv sets and is 
widely available. It works quite well with 
relays having 150 ohms coil resistance or 
less. The FR-50 works best with coils 
wi th greater than 150 ohms resistance. If 
you can't f ind Bn FR-50, it is interchange-
able wi th type FR-100 and -FS-800 (type 
numbers by Workman Associates, the 
distributor). 

Time delays can be roughly pre-
determined from fig. 5. If a relay has too 
high resistance for a particular applica-
tion, it can be lowered by the simple 

110 OHMS 

time delay 

4 - 5 sec 

8 - 10 sec 

1 5 - 2 0 sec 

20 - 30 sec 

R1 
5 0 0 

500 

250 

250 

F R - 9 
F R - 5 0 
F R - 5 0 
F R - 9 

fig. 5. T i m e delays to expect with different 
G lobar resistors (based on 110-ohm relay 
coil). Va lue of C I can also be varied. 

expedient of putting a composition resis-
tor in parallel with the coil. 

The opposite effect—rapid pickup—can 
be obtained with the circuit shown in fig. 
6. The two no. 313 pilot lamps have very 
low resistance when cold and this permits 
rapid relay pickup because of the initial 
over-voltage. Supply voltage is reduced to 
normal as soon as the lamp heats up and 
its resistance increases. An ordinary relay 
in this circuit, in parallel wi th 60 juF, was 
sufficiently responsive to fol low keying at 
20 words per minute. 

Neil Johnson, W20LU 

SOOmA 
200 PW 

r ~ H -

NO 313 

_ 

.—. twvy -J'-J 

BOO T04Q0 

i iow 

117 VAC 

-JOOfjF 

" 150V 

RELAY 
COIL 

1/2 A 

DZO 
fig. 6. R a p i d armature p ickup occurs in this 

circuit because of the low cold-resistance of the 

lamps, al lowing an initial over-voltage. 
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THE HAMMARLUND MFG. COMPANY 
PERFORMANCE DATA FORM 
LINEAR AMPLIFIER HXL-1 

SERIAL NO 
DATE I I - I * 
BY TT /c.h*tf 

- l i t -
Ma. IDLE PLATE CURRENT (RELAY OPEN) 
Ma. IDLE PLATE CURRENT (RELAY CLOSED) 

NEUTRALIZATION 

80M 40M 20M * * ISM 10M / PREPARED BY| 

2k VOT.TS PLATE VOT.TAfiE OM S TAWDRY 

USE USB 2 TOMES OF EQUAL AMPLITUDE 

ROBERT MILLER, WWAEY 
ENGINEERING LEADER 

NOTE: ADJUST LINE VOLTAGE TO 
MENTS. 

110 VOLTS UNDER LOAD FOR POWER MEASURE-

BAND 
FREQUENCY 

RF 
DRIVE 
ft ft 
WATTS 

PLATE 
VOLTAGE 

ft ft 
VOLTS 

PLATE 
CURRENT 
ft ft 
MA 

POWER 
OUTPUT 
ft ft 
WATTS 

% 
EFFICIENCY 

ft- ft 

P.E.P, 
OUTPUT 
ft ft 
WATTS 

80M 
3.8 MC l o o ( € • • t l » o li.S' 
40M 
7.3MC I P o boo 1+0 gi.o 
20M 
14.3MC 1 oo no* Lot 2+o 2uo 
15M 
21.3MC 1 oo l boo S i o l o . © 

10M 
28.3MC IbSTo SS.o 

EQUIPMENT SET-UP MULTIPLY X 2,5 FOR PEpffi jjv . v \ \ V 
HELP YOURSELF! 
— " » ^ 1 A W W <sNI 
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comments 

Dear HR: 
Your comments in the January, 1970 

editorial on QSL cards-a subject that will 
be with us to eternity! I am a keen-on-
cards man, not necessarily juicy DX , but 
any cards, even from the next street. I 
Q S L 100% via the bureau, and send a 
batch every other week, so no great delays 
on my part. My records show overall 
returns of 53%, with the U.S. returning 
41%. My operation is about 9 5 % CW on 
the high-frequency bands, mainly 20 and 
15, so I work plenty of Yanks. Only the 
Novices can be relied on to QSL , and 
they usually want air mail, which is too 
expensive when you work 5 or 6 in an 
evening. 

My rig is a Heathkit HW-100 which 
gives an excellent account of itself with 
only 80 watts input (homebrew power 
supply provides only 480 volts to the 
PA}. The antenna is an end-fed 200-foot 
wire about 23-feet high with three bends 
in it, so I sigh a little when I hear this " 1 
kW, 3-element beam up 50 feet" stuff 
coming over from W-land. 

George Rooney, G3MKH 
Cheshire, England 

Dear HR: 
I subscribed to ham radio without 

having seen a copy on the basis of the 
recommendation of a friend, and I was 
quite anxious to see what I had bought. I 
must say that I am delighted with the 
first two issues. The layout and reada-
bility are excellent, and the technical 

quality is easily on a par with the best 
engineering publications. 

I am an electronics design engineer and 
brought the February issue to work. 
Several of the engineers in my group read 
the article on power supplies. One engi-
neer, a digital type, said he really had not 
understood power supplies before. 

Around here audio and radio are ana-
log, and since I am the only one dealing 
with radio I am the "analog nut " -but 
they still wanted to read your "analog" 
magazine. 

W. G. Barrett, WA6ESV 
Westminster, California 

speech processing 

Dear HR: 
A small note concerning the speech 

clipper portion of Mr. Frank Jones' circuit 
for his phase-modulated two-meter trans-
mitter in the February, 1970 issue: the 
clipping diodes, when connected to their 
source through a series resistor, do not 
act as clippers but perform a logarithmic 
conversion to the signal as per the article 
by Mr. Lee Richey, W A 3 F I Y , on a speech 
processor in the January issue. The series 
resistor provides the constant current 
source needed for the log conversion. The 
lower value of resistance used by Jones in 
no way detracts from this function, other 
than loading the drive circuit more heavi-
ly, but allowing greater output. This is a 
characteristic of ad common germanium 
diodes. (We usually use 4.7k series resis-
tance driven by an emitter follower in 
this circuit.) 

If large audio voltages are applied the 
waveform will appear to be clipped but 
not symmetrically, and the amount of 
drive needed cgnnot be obtained from the 
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circuit using the voltages shown. Thus, 
the audio would be logarithmically con-
verted by this circuit and would appear to 
work very well with the fm circuitry 
shown but clipping would not normally 
occur. 

It should also be noted in Mr. Richey's 
circuit that when the additional fet fol-
lower is used the gate and its bias resistor 
should be isolated from the diodes by a 
capacitor. 

W. Herbert Schieboid 
Bloomfield Hills, Michigan 

filters for speech clipping 

Dear HR: 
Although there appears to be a lot of 

literature available on rf speech clippers, 
all the articles I have been able to read 
completely neglect the question of filters, 
and this is where a major problem can 
easily arise. 

Most technical literature simply states 
that the second filter {following the 
clipper) should be similar to the first 
(sideband-generation filter). This sounds 
all right until you find that no two filters 
are exactly the same. 

For example, in my transmitter I use a 
Japanese-made Kokusai 456 kHz mechan-
ical filter (R t = 10k). When I went to the 
agent to buy a second filter for my 
clipper, he showed me six, all with 
different frequency characteristics. I 
chose the one which was closest to the 
unit in my transmitter: 

existing new 
fitter filter 

center frequency 455.01 kHz 454.99 kHz 
6-dB bandwidth 2.5 kHz 2.44 kHz 
30-dB points 

60-dB points-

456.62 kHz 456.66 kHz 
453.41 kHz 453.51 kHz 

+2.4 kHz +2.35 kHz 
- 2 . 1 k H z -1.87 kHz 

The effect of adding the second filter 
was a loss of output and the elimination 
of a small band of voice frequencies. 

No doubt there are expensive filters 
available which would be satisfactory, but 
I doubt if amateurs could afford them. 
However, the solution is simple. The 

second filter, while having the same cen-
ter frequency as the first, should have a 
wider passband, and this condition is 
easily met on 455 kHz by using a 15k 
Kokusai mechanical filter. The one I have 
shows 6-dB bandwidth of 3.4 kHz and 60-
dB bandwidth of 6.2 kHz. There is thus 
no detrimental effect on the signal itself, 
but the harmonics are eliminated and 
quality maintained. 

Unless this question of filters is dealt 
with in technical discussions amateurs 
could be put to a lot of expense leading 
to unsatisfactory results when building rf 
speech clippers. This would be a great 
pity because rf clipping, properly used, 
gives terrific results, and all ssb exciters 
need it. 

Syd Hiidson, ZL1AFO 
Auckland, New Zealand 

magazine shredding 

Dear HR: 
I hope that you wi l l continue to adopt 

a sensible policy with respect to the 
names of articles. I appreciate informality 
as much as anyone, and indeed, our 
magazine holds informal presentation as a 
cornerstone of policy. But, I agree with 
E. L. Foster and believe the titles of 
articles ought to describe the contents, 
however briefly. If one uses E. L. Foster's 
magazine-shredding technique, one has 
often to re-label an article with its real 
title, rather than the entertaining but 
misleading one with which it was chris-
tened. I'd also like to suggest that it is not 
always necessary to use "transistorized" 
in a title, because of the very large 
number of transistorized items. I t may 
even be useful one day to use "tube-
operated" instead! 

Leo Gunther, VK7RG 
Dynnyrne, Tasmania 

Leo is editor of The Australian EEB, an 
informal electronic experimenter's bulletin 
published about eight times a year. Subscrip-
tions are $2 .00 per year and well worth it. The 
Australian EEB, 32 Waterworks Road, 
Dynnryne, Tasmania 7005, Australia. 
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Incentive Licensing 

Brush up - Tone up - Shape up 
with AMECO Technical Books 

and code practice records. 
E A S Y ^ I j ^ E R S T A T ^ B O O K S ^ 

# 16 01 Advanced class license guide 50 
# 17 01 Extra class license guide 7 5 
Radio amateur theory course. Latest edition 
is ideal for brushing up. 
# 1 0 2 01 (over 300 pages) 3.95 

THE FASTEST AND SIMPLEST WAY 
TO INCREASE CODE SPEED . . . 

AMECO CODE PRACTICE RECORDS 
(33V3 RPM) 

# 1 0 4 - 3 3 Contains material to increase 
code speed from 13 wpm to 22 wpm 3.95 
# 106-33 19 to 24 wpm supplement 
to above 3.95 

A N D F O R T H O S E O F Y O U 
W H O A R E A B I T R U S T Y 

# 103-33 Contains material for 8 to 18 wpm ....3.95 
# 1 0 5 - 3 3 supplement to above 3.95 

AT LEADING 
HAM DISTRIBUTORS 

DIVISION OF AEROTRON, INC. 
P. O. BOX 6527 • RALEIGH N. C. 27608 

rotary qsl file 

This new rotary QSL file holds up to 
500 QSL cards each in a clear plastic 
pocket. A turn of the knob brings each of 
the cards into view. Each QSL holder 
comes complete with 600 clear plastic 
pockets; refills are available to provide 
space for up to 500 cards. The rotary 
QSL holder takes up little room on the 
operating table, rotates on its base so it 
can be viewed from all sides, provides 
easy access and filing for your QSL cards 
and leaves your walls free for certificates 
and awards. Model CB-8-H rotary QSL 
file is $8 postpaid from M-B Products & 
Sales, 1917 Lowell Avenue, Chicago, 
Illinois 60639. 
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beam antennas 
! 

s 

Telrex has just announced a complete, 
new line of antennas under the brand 
name "Challenger." These antenna sys-
tems feature a balun-fed five-element 
Tri-band array for operation on 10, 15 
and 20 meters using a single transmission 
line. The antennas have a peak power 
rating of 1 kW. Front-to-back ratio is 
rated at 28 dB. Other Challenger models 
range from % through 80 meters. The 
entire Challenger line, as well as other 
Telrex antenna systems, are described in 
catalog PL70, available free by writing to 
Telrex Labs, Asbury Park, New Jersey 
07712. 

multimeter 

This new multimeter from Radio 
Shack is offered at a kit price but only 
needs a battery to be ready for use. It 
features 28 ranges that cover from 2 to 
1200 Vdc full scale at 20,000 ohms per 

4/olt, 6 to 1200 Vac full scale at 10k ohms 
per volt, and 60 /u A to 300 in A full scale. 
Four resistance ranges cover 1 ohm to 12 
megohms, and a decibel scale covers-20 to 
+63 dB in five ranges. 

A jewelled meter movement and 1% 
precision resistors promise a long useful 
life. The mirrored scale prevents parallax 
errors when reading. The instrument is 
shipped complete with test leads, bat-
teries and instructions. The model 22-022 
multimeter is $14.95 at your local Radio 
Shack, or write to Radio Shack, 730 
Commonwealth Avenue, Boston, Massa-
chusetts 02215. An accessory leather case 
is available for $1.95. 

NOISE BLANKER 
FOR THE SWAN 250 

The TNB-250 Noise Blanker effectively sup-
presses noise generated by auto Ignitions, 
appliances, power lines, etc., permitting the 
recovery of weak DX and scatter signals norm-
ally lost in noise. 
Features include modern solid state design 
techniques utilizing dual-gate MOS FET transis-
tors and two stages of IF noise clipping for the 
efficient removal of impulse noise at the trans-
ceiver IF frequency. The use of MOS FETs and 
a special gain controlled amplifier circuit pro-
vide excellent cross-modulation characteristics 
in strong signal locations. 

TNB-250 shown installed on a Swan 250 at 
accessory socket location. 
Simplified installation requires twenty minutes. 
TNB.250 $32.95 ppd. 
TNB-250C (for Swan 250C) $32.95 ppd. 

Model TNB Noise Blanker, designed to operate 
with VHF converters by connecting In the coax 
between converter and receiver. 

NOISE BLANKER 
W E S T C Q M 

f M t m i l I N t COMPANY 

Noise suppression characteristics are similar to 
those of the TNB-250. In addition, the ability 
to handle high intensity pulses of short dura-
tion and fast rise t ime makes the TNB 
extremely effective in removing radar inter-
ference in the 220-1296 MHz bands. 
Choice of 14-20, 100-140, or 125-160 VDC, RCA 
phono or BNC connectors. Specify for 10 or 20 
meter converter output. 
Model TNB 129.95 ppd. 

(For special frequencies add $3.00) 

Prepaid orders shipped postpaid. (For Air Mail 
add $.80) C.O.D. orders accepted with $5.00 
deposit. California residents add sales tax. 
All products are warranted for one year and 
offered on a satisfaction guaranteed or return 
basis. Technical brochure available. 

W E S T C O M 
ENGINEERING COMPANY 

P. O. Box 1504 San Diego, Cal. 92112 
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a second look by 

fisk 

LSI, or large-scale integration, is a term 
that is becoming more and more com-
monplace. A n outgrowth of the transis-
tor, and more lately, integrated circuits, 
LSI promises to benefit all of us by 
providing low-cost complex electronic 
systems for home and industry. 

As production yields of less sophis-
ticated devices such as linear integrated 
circuits have increased, so have the semi-
conductor manufacturer's efforts to put 
more and more electronic components on 
the same chip. Improved semiconductor 
technology, advanced manufacturing 
techniques, and new processes have re-
sulted in L S I devices that defy imagina-
tion. The LS I chip shown in the photo, 
for example, contains 1,191 p-channel 
enhancement-mode mosfet transistors. 
This device, the Motorola MC1141, is a 
triple 66-bit shift register that is designed 
to operate over the frequency range from 
10 kHz to 1 MHz, and is packaged in a 
long-lead version of the TO-100 metal can. 

Much more complex circuits are in the 
works, and some devices are already on 
the market. In the new Boeing 747 jets. 

Motoro la M C 1 1 4 1 triple 66-bit shift regis-
ter contains 1,191 mosfets on a single 
chip. 

C53$ " r->; ?„ • 1 • r-

t-ia;f<!iVr.'i'J;i», ."t'-i'i 
. i f - - l . . - . - . - • <; r'/f;', KW. r, v\ r: mam 

BBSSSK: namw 

LS I has made it possible for passengers to 
have armrest control of their own lights, 
music and movie soundtracks. A small 
box containing an LS I chip is located on 
every third seat—this chip multiplexes the 
codes for the seat controls. Without LSI, 
35 individual wires would have to be run 
to each seat. 

LS I is also being used in advanced 
computers and home calculators. Consid-
er the computer built for N A S A by R C A 
that is completely contained on a semi-
conductor chip one-seventh of an inch 
square, and performs all the arithmetical 
functions of a medium-sized computer. 
Or, how about the miniature calculator 
built by Canon (Japan), soon to be 
marketed in the United States, that adds, 
subtracts, multiplies and divides 12-digit 
numbers to four decimal places? The 
Canon calculator, which will be priced 
below S200 and weighs less than 2 
pounds, contains three LS I chips, each an 
eighth of an inch square and containing 
4,000 transistors. 

Within a few years LS I may make 
possible such products as inexpensive 
home computers, trouble-free electronic 
controls for stoves and dishwashers, tele-
vision sets no thicker than a picture 
frame, and telephones with built-in mem-
ories. With these products will come 
complex electronic instruments and 
equipment for the amateur that is now 
too complex or expensive to be practical. 

If thinking miniature appeals to you, 
consider the prospect of 12 billion elec-
tronic circuits in a three-pount package— 
that's the approximate complexity and 
density of the human brain. With LSI, 
such an accomplishment may be a reality 
within the next decade or two. 

Jim Fisk, W1DTY 
editor 
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With the proliferation o f v h f rad io and 
te lev is ion signals in v i r t u a l l y all m e t r o p o l -
i tan areas, weak-s ignal v h f r ecep t i on t h a t 
requires large antennas and extens ive r f 
a m p l i f i c a t i o n has posed ever m o u n t i n g 
p rob lems t o t h e receiver designer. U n f o r -
t u n a t e l y , t h e requ i remen ts f o r weak -
signal w o r k are 180 degrees o u t o f phase 
w i t h an overload -p roo f receiving system. 

Y o u s i m p l y c a n n o t erect a 16-dB 
an tenna system f o r 50 .1 M H z , f o l l o w i t 
w i t h a 20 -dB p reamp l i f i e r and insta l l the 
w h o l e w o r k s w i t h i n f i ve mi les o f a 100 
kW channel -2 te lev is ion t r a n s m i t t e r — t h a t 
is i f y o u w a n t t he system t o opera te as i f 
t he 5 5 . 2 5 M H z signal was n o t on t he air . 

D u r i n g t he past f i ve years o r so, 
o p e r a t i o n o n 144 M H z has become equal-
ly cha l lenging. In a d d i t i o n t o t h e m u l t i p l e 
t ransmi t te rs located in t he var ious pub l i c 
safe ty and business rad io bands above 
150 M H z , and t h e a i r c ra f t beacons and 
a i r - to -g round l inks in t he 120 t o 135 M H z 
range, w e have h igh p o w e r e d amateur 
repeaters w i t h i n t h e band and M A R S 
repeaters jus t ou ts ide . A l so , ac t i v i t y o n 
t he 2 2 0 - M H z band has a lways su f fe red in 
areas w h e r e channe l 13 is in use, and 
channe l 13 is a l located in p rac t i ca l l y all 
ma jo r m e t r o p o l i t a n areas. 
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It all boils down to this: receiver 
desensitization—voltage overload of the 
receiver—is a serious problem that is 
slowly getting worse. As the occupancy 
of frequency allocations adjacent to our 
vhf amateur bands slowly builds up, the 
performance of our own communication 
systems becomes progressively more inad-
equate. Equally bothersome are the 
images and spurious beat products pro-
duced when two or more out-of-band 
carriers mix wi th in our converters and 
generate new carrier products that fall 

\ / 
V / 

1 / \ / 
J 

- MB P ams 

•K) •12 5-1 56 •J 46 IS 50 52 
FREQUENCY (MHz) 

fig. 1. Insertion loss of a 3-element 
combline filter centered on 52 MHz. The 
3-dB bandwidth of this filter is 2.2 MHz. 

58 50 

only way to cure the problem is to keep 
one or more of the mixing carriers out of 
the receiver stage where the mixing is 
taking place. It's common practice in 
many vhf converters to install a series-
resonant circuit to trap undesired signals 
that cause spurious mixing products. 
However, this approach is not too effec-
tive, especially in strong-signal areas. 

The complete solution is simple 
enough: make sure that the first stage of 
the vhf receiving system sees only that 
portion of the rf spectrum assigned to 
radio amateurs! However, solution is one 
thing, implementation another. Until 
W2CQH presented an amateur adaptation 
of interdigital and combline bandpass 
filters in QS7~1 -2 the usual amateur 
practice (and commercial as well) was to 
laboriously build a re-entrant cavity. The 
bandpass f i l ter, when placed in front of 
the receiver, presents the receiver with an 
rf window a few MHz wide and severely 
attenuates all rf carriers that fall outside 
the window. The combline filters des-
cribed by W2CQH offer simple construc-
tion, relatively narrow bandpass windows, 
steep bandpass skirts and extremely sim-
ple tuneup. 

Interdigital preamplifier for 50 to 100 MHz. 
Input is to the right, output on the left. 

within the amateur band we want to 
work. 

These problems may be a constant 
annoyance (such as the beat product of a 
channel-3 video carrier at 61.25 MHz and 
a channel-12 video carrier at 205.25 MHz 
that produces buzz and hash on 144.00 
MHz) or they may be intermittent. Car-
riers may add or subtract to produce the 
undesirable in-band product, or two mix-
ing carriers may produce a spurious signal 
outside the band that mixes w i th a third 
carrier to produce an in-band birdie. The 
mathematical possibilities are endless and 
defy computation. 

However, all these problem signals 
have one thing in common: they are 
created at some point in the receiver. The 
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Combline filters use strip lines for the 
L portion of the traditional LC network, 
loaded with variable capacitors to reso-
nate the device to the desired center 
frequency. The 3-dB bandwidths of a 
three-element device are from 3 to 8 
percent of the design center frequency. 
The bandpass window of a typical 3-ele-
ment combline filter at 50 MHz is shown 
in fig. 1. Insertion loss of these filters is 
quite low; all the 3-element filters that 
I've built have had 1.0 dB or less insertion 
loss at the center of the passband. 

conix* in 1968 was a major breakthrough 
for the receiver designer working above 
250 MHz. While the 2N4416 created a 
boom in high-performance converters for 
the 144 and 220 bands (and occasionally 
432 where it was derated), the 2N5397 
o f fe red super-simple circuitry. The 
2N5397 grounded-gate circuit recom-
mended by Siliconix for vhf applications, 
described in ham radio by K6HCP3, 
results in as simple a preamplifier circuit 
as we could hope for. 

the preamplifier 
The small-signal rf transistor has come 

of age as the radio spectrum has grown 
more and more crowded. The overload 
and cross-modulation problems associated 
with early transistors began to look less 

1 H " # 2 

/ii 
jooo 1000 

i-./SpH 

rrt 
Vis MM II2VDC1 

L I t .S" long no. 16 copper wire 

L2 1.2" long no. 16 copper wire 

L 3 2 .0" long no. 16 copper, loosely 
coupled to L2 fV«" spacing) 

fig. 2. 450-MHz common-gate 2N5397 test 
circuit designed by Siliconix. In this configura-
tion gain is 12 dB, noise figure, 4 dB. 

ferocious when the junction field-effect 
transistor was introduced. Early fets 
promised improved performance under 
taxing receiving situations that cause con-
ventional transistors to quit, but early fet 
noise figures and gain made them less 
than useful above 100 MHz or so. 

The 2N5397 jfet introduced by Sili-

flg. 3. Capacitively-
loaded stripline in A 
is the same as the 
parallel LC circuit in 
B. 

OJ 

t 
1N 

m 
LOADED STRIPUNC 

-I 
r 

I 
con., CAPACITOR 

o 

In describing the design parameters of 
the 2N5397, J. B. Compton notes4 that 
" . . . this device has a typical operating 
transconductance more than double {the 
2N4416) . . and this permits construction 
of common-source common-gate per-
formance amplifiers that take advantage 
of the fet characteristics and give per-
formance comparable to bipolar ampli-
fiers over the frequency range from dc to 
800 MHz." 

The neutralization requirement of the 
common-source amplifier is eliminated 
with the common-gate arrangement. By 
eliminating neutralization you can design 
a tunable wide-range amplifier with am-
plification/bandpass characteristics limi-
ted only by the resonant characteristics 
of the input and output tuned circuits. 

The common-gate approach is especial-
ly suitable because: 

1. The input impedance is always 
lower than a common-source design, 

•Siliconix, Inc., 1140 E. West Evelyn Avenue, 
Sunnyvale, California. The 2N5397 is available 
from W. Pat Fralia Company, Inc., P. O. Box 
12625, Fort Worth, Texas 76116; $8.50 each. 
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a l t h o u g h the o u t p u t i m p e d a n c e is the 

same. 

2. With no mismatch at the input a 
vhf noise figure of 2.0 dB or better is 
pos s ib le with the common-gate 
2N5397. (Both K6HCP and I have 
found no difficulty in obtaining 
1.5-dB noise figures at 144 MHz, and 
on 220 MHz I have never had a noise 
figure greater than 2.0 dB, nor greater 
than 1.0 dB at 50 MHz.) 

without some loss in p e r f o r m a n c e when 
compared to the common-source circuit. 
In 450-MHz test circuits developed by 
Siliconix for the 2N5397, a typical com-
mon-source amplifier produced 15-dB 
gain with a noise figure of 3.0 dB. A 
common-gate circuit developed a power 
gain of 12 dB with a noise figure of 4.0 
dB. Slight retuning of the common-gate's 
input circuit lowers the noise figure to 
3.3 dB and lowers the gain to 9 or 10 dB 
(fig. 2). 

Interdigital-filter/preamplifier for 120 to 240 MHz. The only differences between this unit and the 
50-to-100 M H z design are the physical size and variable capacitors. 

3. The amount of amplifier-contrib-
uted cross-modulation and intermodu-
lation distortion is proportional to the 
amplitude of the gate-source voltage. 
Since input power is proportional to 
input voltage and inversely proportion-
al to input impedance, best amplifier 
performance is obtained with the low-
er impedance design of the common-
gate circuit. A common-gate design 
offers approximately 10 dB more resis-
tance to rf stage overload and cross 
modulation than a common-source ar-
rangement. 

However, the common-gate design is not 

filter/preamp combination 
When a 3-section combline filter is 

cascaded with an identical filter, the 3-dB 
bandwidth points are essentially cut in 
half.* In other words, a 3-section 

•The information presented here covers rela-
tively narrow bandpass devices suitable for 
amateur applications. They are not suitable for 
television signal processing where 6 -MHz band-
widths and 0.25-dB or less ripple is required. 
Both the units shown here and wider bandpass 
units suitable for television signal processing are 
the subject of patent applications filed by the 
author in March, 1970. Amateur construction 
of the units shown here for personal use will 
not violate the validity claims of the pending 
patent, editor. 
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5-MHz-wide combline f i l ter at 50 MHz 
becomes a 2.5-MHz-wide f i l ter at the 
output of the sixth section ( two 3-section 
filters in cascade). A 5-MHz-wide f i l ter at 
144 MHz also becomes a 2.5-MHz band-
pass in a two-uni t system, whi le a typical 
6-MHz bandpass on 220 is reduced to 3 
MHz. 

The factors that determine the w id th 
of the bandpass w indow are beyond the 
scope of this article. Suff ice to say that 
the 3-dB bandpass can be changed w i th in 
certain l imits, both plus and minus, f rom 

lowest resonant frequency of a given 
f i l ter is 100 MHz w i th the loading capaci-
tor fu l l y meshed, the highest resonant 
frequency is approximately 200 MHz. By 
combining the flat characteristics of the 
combline f i l ter w i th the f lat performance 
characteristics of the 2N5397 common-
gate ampli f ier you can bui ld an ampli-
f ier / f i l ter that exhibits essentially the 
same characteristics over a very wide 
band of frequencies. 

Fig. 4 shows how a pair of 3-section 
combl ine filters are combined w i th a 

fig. 4. equivalent circuit of 
the i n t e r d i g i t a l filter/ 
preamplifier. 

j^wr j » 

) [ J£ 
1 

_t 
jF 
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approximately 10 MHz at 50 MHz to less 
than 500 kHz at 220 MHz. The infor-
mation in this article should be suitable 
for most amateur applications. 

the filter 
A single capacitively-loaded stripline 

represents a resonant circuit. Electrically, 
the loaded stripl ine shown in fig. 3A is 
identical to the LC circuit in fig. 3B. The 
efficiency of the loaded stripline is more 
dependent on the L/C ratio than the 
standard LC network where L consists of 
a coil. However, in the stripl ine system 
the Q can be made to track (wi th nearly 
constant Q factor) over a much wider 
range than the LC network. 

Al though W2CQH d idn ' t ment ion it in 
his article^ a typical 3-section combline 
fi l ter is a one-octave device. That is, if the 

single common-gate amplif ier. In this 
circuit the th i rd strip in the first 3-section 
f i l ter becomes the tuned input circuit for 
the 2N5397, while the first str ip in the 
second section becomes the ou tpu t tuned 
circuit . 

In the standard combl ine f i l ter all 
strips are grounded at the cold end and 
tuned w i t h the loading capacitors con-
nected f rom the hot end to ground. In 
the f i l ter/preampli f ier, strips three and 
four are l i f ted above ground at the cold 
end. Str ip three—the 2N5397 input cir-
cuit—is re-coupled back to ground 
through R1, a low value resistor chosen 
to provide the proper current drain for 
the fet. Str ip number four is isolated 
f rom ground w i th a bypass capacitor (C9) 
and voltage fed through an isolating 
resistor. This circuit is nearly electrically 
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equivalent to K6HCP's 144-MHz preampli-
fier shown in fig. 5. 

B y combining the common-gate 
2N5397 with the combline bandpass fil-
ter we have a low-noise moderate gain 
preamplifier with an input bandpass of 
500 kHz or more. 

operational characteristics 
The devices shown here were originally 

developed in an effort to solve an ex-
tremely difficult adjacent-channel tv in-
terference problem at a catv antenna-

u 2N539T LB 

C 1 . C 2 1.7-14.1 pF air variable 

L I 5 turns no. 16, 3/8" diameter, 3/4" 
long, tapped at IV2 turns from cold 
end 

L2 43/4 turns no. 16, 3/8" diameter, 1/2" 
long 

L3 2 turns no. 20 insulated around cold 

end of L 2 

fig. 5. Two-meter common-gate 2N5397 pre-
amplif ier described by K6HCP . 

receiving site. As a consultant in the catv 
field I had been called upon to make a 
30- to 50-microvolt vhf tv signal appear 
free of noise and hash with broadcast 
quality color—not too tough until you 
consider the 100,000 microvolt adjacent-
channel signal that came from a station 
less than five miles away! 

Anyone who has fooled with fringe-
area television is all too familiar with the 
broadness of tv frontends. The typical 
receiver has no more than 20-dB adja-
cent-channe! rejection; the relationship 
between 50 microvolts and 100,000 mi-
crovolts is on the order of 66 dB. The 
problem was solved with an interdigital 
preamplifier similar to the ones shown 
here. 

The common-gate 2N5397 preampli-
fier used in the filters operates just as 

table 1. Operational characteristics of 6-strip 
interdigital-preamplifiers suitable for 50, 144 
and 220 MHz . 

3-dB 20-dB noise 

frequency bandwidth bandwidth gain figure 

(MHz) (MHz) (MHz) (dB) (dB) 

50 0.5 ±4 10 <1.0 

144 1.0 ±5 12 1.5 

220 1.5 ±6 12 2.0 

expected. Stability is excellent. The unit 
tunes evenly with no instability from the 
lowest resonant frequency to the highest. 
Intermodulation and cross modulation 
within the preamp is as good or better 
than any solid-state device you can use. 
The noise figure of this device, as mea-
sured on working models, is fust under 
1.0 dB at 50 MHz, increasing to 2 dB on 
220 MHz and rising to 4 dB at 450 MHz 
and 6 dB at 800; a noise-figure curve is 
plotted in fig. 6. 

The gain of a single stage of amplifica-
tion depends a great deal upon the L/C 
ratio of the striplines and load capacitors, 
as well as coupling between striplines and 
the match to the transistor. In the early 
stages of development I built nearly a 
dozen filter/preamplifiers to determine 
the proper balance of L and C. The 
performance characteristics were care-
fully measured as L and C were juggled, 

FREQUENCY (MHz) 

fig. 6. Noise-figure curve for the 

grounded-gate 2N5397 preamplifier. 
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LL 

11 

11 

II 
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// 

- i h -
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shields 

1 7 " x 1 7 " ( B U D BPA-1597) 

NOTCHES FOR 4'40 L 1/4" BRASS SCREWS 

16-7/8 x 3 - 1 3 / 1 6 " ; cu t f r o m 

d o u b l e - s i d e d c o p p e r - c l a d 

p r in ted-c i rcu i t board (Kepro 

P2-1212G) 

f ig. 7. C o n s t r u c t i o n detai ls of an in terd ig i ta l f i l t e r / p r e a m p l i f i e r that tunes f r o m 50 to 100 M H z . 

St r ip l ines are spl iced as descr ibed in the t e x t . Ho le f o r i npu t coax connec to r is centered, IV2" f r o m 

b o t t o m of chassis. 

strip mounting and strip-to-strip spacing 
varied, and input/output coupling 
changed. As in most repeatable designs, 
predictable patterns developed that pro-
vided the basis for design formulas. 

The information presented in this ar-
ticle will be limited to units that are 

especially suitable for the vhf amateur 
bands. The performance characteristics of 
6-strip interdigital-preamplifiers for 50, 
144 and 220 MHz are shown in table 1. 
Two identical interdigital-preamplifiers 
may be cascaded for any of the bands. 
This results in narrower 3-dB bandwidths. 
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SHIELDS (2 REQ'D) NOTCHES FOR 4-40 i 1/4" SCREWS 

chassis 10 x 14 x 3 " ( B U D A C - 4 1 4 ) 
or 10 x 17" ( B U D AC-416 ) . 
Required interior dimensions are 
10 x a non-standard chassis 
size; required size is provided by an 
interior end plate 

cover 10 x 14" ( B U D B P A - 1 5 2 4 ) o r 10" 
x 17" ( B U D BPA-

shields 9.8 x 2 - 1 3 / 1 6 " ; cut f rom d o u b l e 
s i d e d c o p p e r - c l a d printed-circuit 
board (Kepro P2-1212G) 

fig. 8. Construction details of an interdigital f i l ter/preamplif ier that tunes f rom 100 to 2 0 0 M H z . To 
raise the resonant frequency to 120 to 240 M H z remove one plate from C2 and C7; remove 2 plates 
f rom C3 and C6; remove 2 stator plates and 3 rotor plates from C4; and remove 3 stator plates and 3 
rotor plates from C5 . Hole for input coax connector is centered, 1 - 1 / 1 6 " from bot tom of chassis. 

considerably steeper 20-dB bandwidth 
skirts, and twice the gain of a single unit 
with the same noise figure. 

construction 
Two versions of the interdigital-

preamplifier are shown; one tunes from 

50 to 700 MHz and the other covers from 
120 to 240 MHz. Both are based on 
standard BUD aluminum chassis with 
bottom plates. The striplines are probably 
a little different than anything you've 
seen before—they consist of two pieces of 
copper-clad printed-circuit board, sup-
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ported on the variable capacitor at the 
hot end and held by two %-inch 4-40 
brass machine screws at the other. 

Unlike the W2CQH combline, the 
striplines in the interdigital-preamplifier 
hang vertically. This effectively gives you 
twice as much surface area for a given 

from the output circuit by a piece of 
double-sided copper-clad circuit board 
that runs the full width and full heighth 
of the chassis (see fig. 7). The 2N5397 is 
mounted in a 7/16-inch hole drilled in the 
shield; the case lead of the fet is soldered 
to the side of the shield facing stripline 

fig. 9. Mechanical layout of the filter/preamplifier. Dimensions are determined by frequency range as 
shown below: 

frequency A B C 
(MHz) 

50-100 1-1/32" 5/8" 1 " 
100-200 3/4" 5/8" 1-1/4" 

resonator length and directly affects the 
efficiency of the LC networks, particular-
ly at the lower operating frequencies. 
Striplines 1, 2, 5 and 6 use this technique; 
striplines 3 and 4, because of impedance 
matching to the 2N5397, use equivalent 
lengths of copper tubing. This design 
approach is several dB more efficient than 
all copper-tubing resonators, single hori-
zontally suspended striplines or combina-
tions of horizontally suspended strip and 
copper tubing. 

The 2N5397 input circuit is shielded 

number 3, the gate lead is soldered to the 
side of the shield facing stripline number 
4, the source lead connects directly to a 
pigtail from C3, and the drain lead is 
soldered to a pigtail on C4. 

Input coupling to stripline number 1 
and output coupling from stripline num-
ber 6 is accomplished with ceramic capac-
itors; values are given in fig. 10 for either 
52- or 75-ohm operation. 

Striplines 3 and 4 are supported by 
Centralab FT-series feedthrough capaci-
tors. Sprague BH-series stud-bypass capac-
itors could be used here, but construction 
is more difficult because of their small 
size. Stripline number 3 is resistance 
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coupled to ground through a resistor that 
is chosen to allow the 2N5397 to draw 5 
mA; typical values range from 100 to 470 
ohms with 330 to 390 ohms quite com-
mon. Stripline number 4 is resistance 
coupled to the power supply through a 
100-ohm resistor with additional bypass-

tion is installed after stripline number 6. 
This serves as the outer wall and holds the 
output coaxial connector. 

how to build it 
Before starting construction the chas-

sis should be laid out with each mount-

fig. 10. Schematic diagram for 
the interdigital filter/preampli-
fier. 
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C1.C10 

C2,C3,C4, 
C5,C6,C7 

C8,C9 

C11 

L1 .L2 , 
L 5 . L 6 

L 3 , L 4 

30-pF ceramic (75 ohms): 
35—40-pF (50 ohms) 

5—100-pF air variable 
(Calectro A1-226) 

C e n t r a l a b F T - 1 0 0 0 
through capacitors 

feed-

0.1-mF ceramic, 50 volts work-
ing 

8 strips (2 per stripline) cut 
from 1 oz. (0.00135) single-
side copper-clad printed-cir-
cuit board (Kepro P1-1212G). 
Each strip ISVa" long, 1V2" 
wide 

5/8" O D copper tubing, 14%" 
long 

R1 100 to 470 ohms (see text) 

R2 100 ohms, V4 watt 

Components for 50 to 100 M H z unit 

C1,C10 

C2,C3,C4, 
C5,C6,C7 

C8.C9 

C11 

l_1,L2, 
L 5 . L 6 

L 3 , L 4 

6.8-pF cermaic (7S ohms); 
10-pF ceramic (50 ohms) 

2.9—30-pf air variable (Calec-
tro AL-225) 

C e n t r a l a b FT-1000 feed-
through capacitors 

O.I-mF ceramic, 50 volts work-
ing 

8 strips (2 per stripline) cut 
from 1 oz. (0.00135) single-
side copper-clad printed-cir-
cuit board (Kepro P1-1212G). 
Each strip 8.9"long, 1.5" wide. 

5/8" O D copper tubing, 8.4" 
long 

R1 100 to 470 ohms (see text) 

R2 100 ohms, V* watt 

Components for 100 to 200 M H z unit 

ing on the outside of the chassis through 
a 0.1 /uF ceramic capacitor. 

Part of the BUD chassis is not used in 
both models of the filter/preamplifier 
shown here. In addition to the shield 
between striplines 3 and 4, another parti-

ing hole center punched so each hole is 
drilled where it should be. Small errors in 
strip-to-strip spacing are tolerable, but 
anything over 1/16 inch \snot small. 

Sheet-metal screws are used to fasten 
the top plate to the chassis. It's manda-
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tory that this plate fits very tightly 
because, as well as a shield, it serves as a 
ground plane for the striplines. The 
sheet-metal screws are located at the end 
of each strip (on the cold end) and 
directly above the tuning capacitor (on 
the hot end). If you skimp on the number 
of screws you'll have problems with 
erratic tuning and low gain. 

The striplines are centered between 
the top and bottom plates of the chassis. 
On the capacitor end of the resonator, 
the stripline is soldered to the capacitor 
stud with the copper foil facing in (all 
striplines are single-sided copper and 
mount on the outside of the studs so 
copper faces copper). At the cold end of 
the stripline brass grounding screws are 
located inside the strips directly opposite 
the capacitor studs. The copper-clad 
strips must run exactly parallel to each 
other or efficiency will drop. 

The input and output ceramic capaci-
tors must have short leads. Small holes 
drilled just above the center line on the 
input and output striplines allow you to 
feed the capacitor pigtail through the 
strip and solder it to the copper side. 

The two shields are made from 
double-sided copper-clad printed-circuit 
board and are cut to form a snug fit top 
and bottom, with small clearance on 
either end. Brass 4-40 machine screws, 
'/4-inch long, are mounted in the chassis 
wall at either end of the shield, and the 

Transistor installation in 100 to 
200-MHz filter/preamplifier. 

shield is soldered to them. Make sure the 
brass screws are soldered to both sides of 
the shield. Small notches in the board 
allow the screws to seat snugly into the 
shield. 

In the 50- to 100-MHz model of the 
filter/preamplifier an additional brass 
screw is installed through the chassis in 
the exact center of the shield. This holds 
the center of the long shield in place and 

helps to maintain the proper location of 

* 

f 

m «: 

' i i 

• 1 • t 
T* -

• . 

A i V 

Mounting of center shield and 
striplines (SO to 100 M H z unit). 

the shield in the long chassis. 
Kepro printed-circuit board is available 

in pieces up to 12 inches square; one 12 x 
12 inch section will furnish 8 strips, 12 x 
Vh inches. For the 50- to 100-MHz filter, 
the required 15% inch length is provided 
by splicing a 3%-inch piece from another 
printed-circuit board. To bridge the splice 
joint, use thin strips of copper, 1% inches 
long, sweating the printed-circuit board 
and copper strip together with a 40-watt 
soldering iron. Be sure the 3%-inch sec-
tion joins the 12-inch strip flush on so the 
resulting 15%-inch strip has no bends or 
kinks. 

Striplines 3 and 4 are made from 
common copper tubing. Make sure the 
tubing is straight-you'll have to straight-
en the pieces you need carefully since it's 
usually sold in rolls. The hot end of the 
tubing fits nicely onto the capacitor 
studs. The cold end of the tubing is 
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attached to the mounting stud (FT feed-
through capacitor) with a short loop of 
number 16 or 18 copper wire that is 
soldered across the end of the tubing; the 
wire is soldered to the FT capacitor. 

The rotors of the Calectro variable 
capacitor are not automatically grounded 
when the capacitors are mounted, so a 
'/?-inch 4-40 brass machine screw is used 
to solder the rotor tab to ground. (Calec-
tro variable capacitors are commonly 

cioseup of 2NS397 position in 
the center shield. 

available at the Calectro displays found at 
most electronic parts distributors.) 

When you get down to actually build-
ing the filter/preamplifier it is recom-
mended that you follow the step-by-step 
instructions given below. 

1. Mark and drill all holes. First 
lay out the top plate, center-punch the 
holes and drill holes for no. 6 sheet-
metal screws. Then put the top plate 
in position over the chassis and drill 
corresponding holes in the chassis lips 
using the top plate as a drill template. 

2. Install all of the 4-40 brass screws. 

3. Install both shield sections. (If you 
wait until after you install the other 
components you won't be able to get 
them into the chassis.) 

4. Install the variable tuning capaci-
tors, grounding the rotor tab to the 
Vi-inch 4-40 brass screws provided for 

this purpose. Install C 8 and C 9 , the 

two FT-1000 feedthrough capacitors. 

5. Install both coax connectors and 
the input and output coupling capaci-
tors (C1 and C10). The stripline end is 
not connected yet. 

6. Install the striplines-two per ca-
pacitor-starting with lines nearest the 
end of the chassis. Use a 25- to 
40-watt soldering iron when installing 
the striplines because very little heat is 
required with the copper-clad strips. 
Solder the capacitor end first, holding 
the other end in position so that the 
weight of the stripline is not on the 
newly soldered capacitor stud. (If you 
mark the center lines of the strip you 
can align the centerline with the stud.) 
The cold ends of the striplines are held 
snugly by friction against the 4-40 
grounding-screw nuts. Remember that 
for top performance the copper-clad 
strips must be parallel and centered 
between the chassis top and bottom 
ground planes. 

Cold ends of striplines are 
soldered to 4-40 screws. 

7. Now install striplines 3 and 4. 
You'll need a 150-watt iron (or more) 
to solder the copper tubing. Don't rest 
the weight of the tubing on the capaci-
tor studs—block the tubing up until 
both ends are firmly in place. 
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8. Install R1—try 330 ohms to 
start-and install R2. Resistor R2 
feeds through a small hole in the cold 
end of the chassis just under the FT 
bypass capacitor. 

9. Solder the loose ends of the input 
and output coupling capacitors to 
striplines 1 and 6, pushing the pigtail 
through the small hole in the strip and 
soldering it to the copper foil. 

10. Carefully install the field-effect 
transistor with the tab pointing toward 
the input side of the filter. Solder the 
case lead to the input side of the shield 
and the gate to the output side of the 
shield. The transistor leads can be 
preformed as shown in fig. 11; the 
source lead will point toward C4 
(stripline 3), and the drain lead will 
point toward C5 (stripline 4). Short 
pigtails of no. 18 copper wire are 
soldered to the variable capacitor 
studs, and then to the free drain and 
source leads. When soldering the tran-
sistor leads use heat sinks and no more 
than a 40-watt soldering iron. 

11. Install the power supply de-
coupling capacitor C11 outside the 
chassis. 

construction tips 

If you are interested in duplicating the 
units shown in this article, there are a few 
tips that are worth passing along. If you 
experience problems with gain, and are 
satisfied that you have used proper layout 
and construction, remember that output 
is affected by power supply decoupling, 
output circuit loading (the device won't 
work well if too heavily loaded), and 
saturation. Power gain drops rapidly 
when the transistor is saturated-the 1-dB 
gain-compression point at 450 MHz, for 
example, is coincident with 1-mW input. 

In addition, any inductance in the gate 
lead will severly affect performance. This 
indicates that the shield between stripline 
3 and 4 must be well grounded to the 
chassis. If the side of the shield where the 
gate lead is soldered is floating above 
ground it will introduce considerable in-

ductance to the gate circuit 
If any performance problems develop 

check your construction. The spacing 
between resonators, between the top and 
bottom plates, and the shield between 
striplinesr^. and 4 must be uniform. The 
layout shown here was developed for 
optimum performance; if you deviate 
much, or use sloppy construction, gain 
will quickly drop off to 2 to 3 dB. Use 
extreme care when laying out the com-
ponent mounting holes; variances of 
1/16th inch will deteriorate performance. 

fig. 11. Method of pre-forming the 
leads to the 2NS397 fet before 
installing it into the preamplifier. 

tuneup 

With the top plate removed from the 
chassis you can apply voltage to the unit. 
A meter in series with either the negative 
or positive power supply lead will allow 
you to monitor the current drain of the 
2N5397. Correct current drain is 5 mA.* 
If you have more than this with a 
330-ohm resistor at R1, increase R1 to 
the next standard value. If you read less 
than 5 mA lower the value of R1 (rule of 
thumb only-variables between 2N5397 
transistors can reverse this suggestion). 
Keep adjusting the value of R1 until 
current drain is as close to 5 mA as 
possible. 

To tune or test the unit the top plate 

•Although this discussion is based on the 
2N5397 fet, the less expensive 2N4416 can also 
be used in this preamplifier. However, the 
2IM4416 will have considerably higher noise 
figure, particularly above 100 MHz, and slightly 
lower gain than the 2N5397. The only change 
concerns the value of R1—it should be adjusted 
so that the current drain of the 2N4416 does 
not exceed 2.5 to 3 mA. The 2N4416 base 
diagram is the same as the 2N5397. 
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must be installed firmly in position with 
all of the sheet-metal screws. Connect a 
signal source (50 to 100 ^ V ) to the input 
and a receiver or converter to the output. 
S lowly rotate C 5 (stripline 4) for an 
indication of signal. A t 50 M H z C 5 will 
be about two-thirds meshed, on 144 M H z 
it will be half meshed and on 2 2 0 M H z it 
will be nearly wide open. If you can't 
find the signal (be sure your receiver is on 
the correct frequency) tune C 3 (stripline 
2) to the same position suggested for C5. 

Once you find the signal, tune C 2 and 

m ^ j 

The cold ends of tubular striplines 3 and 4 
are soldered to FT-1000 fcedthrough capaci-
tors. 

C7, then C 6 and C4, in that order, for 
max imum signal. Peak the capacitors 
again, in the same sequence, starting with 
C5. (Crank down the output of the signal 
generator so you keep the S-meter in a 
more linear range.) With the unit tuned 
up for max imum gain, you will have an rf 
bandpass w indow similar to that shown in 
fig. 12. Fortunately this occurs at the 
same point as max imum gain. 

Set the signal generator output so the 
S-meter reads S9 . Disconnect the filter/ 
preamplifier and connect the signal gener-
ator directly to the receiver. If the pre-
amplifier is work ing p roper l y -and the 
signal generator has a 50-ohm ou tpu t - t he 
S-meter should drop 10 to 14 dB, de-
pending on the band you ' re .working 
with. 

precautions 

Al though I haven't had any trouble 
with high-power rf from my transmitter, 
you don ' t want to blow out the S8.50 
transistor. Regardless of how you handle 
the potential problem-diodes, coax re-
lay, e tc . -do it outside the filter/preampli-
fier chassis. A n y additional stray parts 
mounted inside the chassis only degrade 
performance by upsetting the balance of 
the tuned circuits inside the box. 

typical performance 
Fig. 1 3 A shows how a 10,000 uV 

channel-4 television signal appeared on a 
tv receiver tuned to channel 3. All of the 
video information on the screen is from 
channel 4; overload from channel 4 to 
channel 3 is virtually complete. Fig. 13B 
shows the same receiver, still tuned to 
channel 3, with an interdigital-preampli-
fier ahead of the receiver. The weak 
snowy picture, all 0.9 microvolts of it, is 
from a channel-3 transmitter 153 miles 
away. The 10,000/J V channel-4 signal has 
been completely eliminated. Fig. 13C 
shows the same signal passed through a 
pair of channel-3 interdigital-preampli-
fiers. With such a weak signal to work 
with there's not much hope for a snow-
free picture. The signal input to the 
receiver at this point is 3 2 /jV. ( In this 
photo a 20-dB post amplifier was install-
ed between the tv set and the second 

fig. 12. Bandpass curves for single and 
double interdigital filter/preamplifiers. 
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fig. 13. Adjacent-channel performance of the interdigital f i l ter /preampl i f ier . In A the channel-3 
programming is completely obliterated by channel-4 signal. With one interdigital f i l ter/preampli f ier 
in the line, channel-4 interference is el iminated (B). T w o f i l ter/preampli f iers improve the quality of 
the channel-3 signal (C). 

interdigital-preamplifier.) 
Fig. 14 shows the performance of the 

unit as a preamplifier without adjacent-
channel interference. Fig. 14A shows an 
off-the-air signal from a channel-12 trans-
mitter 170 miles away. If you look 
closely you may be able to see the frame 
bar. Fig. 14B shows the same signal with 
a single interdigital-preamplifier ahead of 
the receiver: now we know there's a 
signal present. Adding another inter-
digital-preamplifier results in the picture 
shown in fig. 14C. 

It should be noted that the television 
receiver used for these photographs is a 
special catv model, the Conrac AV-12E. 
Comparing this receiver to the typical set 
you have in your home is like comparing 
a 75A4 to an S 38! 

sweep tests 
The bandpass characteristics of the 

interdigital-preamplifier are shown in the 

oscilloscope displays of fig. 15. For these 
displays the output from a Jerrold 601D 
sweep generator, sweeping from 15 to 
100 MHz, is connected through a 1-dB 
step attenuator to the input of an inter-
digital-preamplifier tuned to 61.25 MHz. 
The display is 10 dB from the baseline 
(top) to the bottom. The 62.25-MHz 
marker (1 MHz off resonance) on the 
right is 5 dB down the curve. Fig. 15B 
shows the same 62.25-MHz marker after 
passing through a pair of interdigital-
preamplifiers; it is now 8 dB down the 
curve. 

Fig. 15C shows the same curve with 
the marker moved down to 61.75 MHz, 
500 kHz off the resonance point of the 
interdigital-preamplifier; it is 3 dB down 
the curve. The 61.75-MHz marker moves 
6 dB down the curve when a second 
interdigital-preamplifier is added to the 
line (fig. 15D). From these measurements 
you can plot the bandpass curves of single 

r jBr̂ » 
A B C 

fig. 14. On-the-air performance of the f i l ter/preampli f ier. The channel-12 signal in A w i thou t the 
preamplifier in the line is almost covered w i th snow. One f i l ter /preampl i f ier results in the signal 
shown in B. Second preamplif ier ahead of the tv set results in the signal shown in C. 
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A. With single stage 1-MHz 
off-resonance marker is 5 dB 
down. 

C . 5 0 0 - k H z of f - resonance 
marker is 3 dB down with 1 
stage. 

B. With two stages the 1 -MHz 
marker is 8 dB down. 

D . 5 0 0 - k H z off-resonance 
marker is 6 dB down with 2 
stages. 

fig. 15. Bandpass characteristics of the fi lter/preamplifier. 

and double interdigital-preamplitiers as 
shown in fig. 12. 
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You're on the air having an enjoyable 
conversation. You switch over to the 
other station and the fellow says, "Sorry, 
missed most of that. Someone drifted 
onto your frequency." Sound familiar? 
The "someone" is usually a combination 
of unstable vfos and receiver drift. 

The drifting signals one hears today 
suggest that vfo stability isn't really as 
good as claimed by equipment manufac-
turers and authors of vfo articles in the 
ham magazines. The best answer I've 
found to this problem is the variable-
frequency crystal oscillator, or vxo. 

The vxo circuits described in this 
article combine the flexibility (within 
limits) of a vfo with the inherent stability 
of crystal frequency control. Frequency 
can be varied between 2-720 kHz depend-
ing on the crystal frequency and other 
considerations, which I'll discuss. Many 
amateurs I've talked to never heard of 
varying a crystal's frequency over such a 
wide range. 

Very little information has been writ-
ten about the vxo. One article1 describes 
a circuit that can pull down the frequen-
cy of an 8-MHz crystal about 4-5 kHz 
before the circuit becomes "a rather 
inferior vfo." With this circuit (fig. 1) as a 
starting point, I designed the circuits of 
fig. 2 and 3 using FT-241 crystals in the 
450-kHz region and the circuit of fig. 4 
using 3.5-8.5 MHz crystals. 

circuit development 

The vxo shown in fig. 2 is a modifica-
tion I made to a BC-604 fm tank trans-
mitter. The vxo output goes through a 
stage of amplification and several fre-
quency multipliers to obtain output on 
21 MHz. I've used this vxo on 7 and 21 
MHz cw with excellent results. The cir-
cuit has also been used to operate a 
2-meter transmitter. Eight crystals were 
needed to cover the entire 2-meter band. 

The only addition to the BC-604 was 
L1, C1. Capacitor C1 is used to pad the 
crystal frequency over a certain range, in 
this case 2 kHz. With an increase in 
padding range, the effects of temperature, 
vibration, and hand capacitance become 
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more pronounced; and the same precau-
tions in building vfos must be used. 
These effects are small, however, and the 
crystal is still the frequency-controlling 
element. If you don't exceed the padding 

the BC-604 are less than 2 kHz apart, 
continuous coverage to the next lower-
frequency crystal is possible. Stable 
2-kHz padding was obtained with the 
circuit of fig. 3. 

L1 

uvrpu 

o + isv 

16-24 mH for 8-9 MHz crystal (J. W. 

MlJIer 4507) 

Q1 2N706, 2N2219, 2N3662 or RCA 

40237 

L2 40 turns no. 36. tapped at 16 turns 

fig. 1. Circuit described in reference 1. An excursion of 4—5 kHz is claimed for an 8-MHz crystal. 

range, the vxo won't become an "inferior 
vfo." 

The circuit of fig. 3 seems to work 
well with the same low-frequency crystals 
used in the vxo of fig. 2. The solid-state 
version shown was also used with the 
BC-604. Since the crystals furnished with 

CI Broadcast radio variable with both 

sections in parallel 

L1 Broadcast variloopstick antenna or 

similar 

fig. 2. Oscillator modification made to a 

BC-604 transmitter using low-frequency crystal. 

A transistor vxo that produces stable 
50-kHz padding is shown in fig. 4. This 
vxo can also be used with a crystal in the 
8-MHz region for 6- or 2-meter operation. 
Doubling will produce a padding range of 
100 kHz on 14 MHz, 150 kHz on 21 MHz 
with tripling, and 200 kHz on 28 MHz 
with quadrupling. To cover the entire 
2-meter band, you'll need 8 crystals 
(500-kHz padding range). 

Table 1 gives recommended padding 
ranges for the FT-241 crystals when used 
in the circuits of figs. 1 through 3. If 
you're interested in a particular frequen-
cy range (as for net operation), try to use 
a crystal that will cover the first 25 
percent of the padding range-then you'll 
have crystal stability. 

The transistor circuits will start oscil-
lating with 2.4 V; for more output, up to 
12 V can be used. Unless followed by a 
frequency-multiplier, a buffer amplifier 
will be needed, as in fig. 1. 

a vxo for exciter use 
Suppose you want to design a vxo 

august 1970 gg 23 



covering the entire 40-meter band, and 
you have an exciter such as the Central 
Electronics 20A using a 9-MHz crystal. 

Higher than 9-MHz injection frequen-
cy is preferred to avoid unwanted mixer 
products. Therefore the injection fre-

more than 50 kHz on harmonics (25 kHz 
on the fundamental). These crystals are 
also useful for 2-meter work. 

tuning capacitor considerations 
Referring to fig. 5, capacitor C1 is 

iJCB* 

rt? m 

H|H 

H H OUTPUT 

LI 

"3300 

ft? m 

7 

m 

25 
VERNIER 

fig. 3. Solid-state version of 
the vxo in fig. 2. 

-.O.SftF 

m 

quency will be from 7 + 9 = 1 6 MHz to 
7.3 + 9 = 16.3 MHz. Crystals in this range 
are overtone types and won't operate in 
these circuits. The solution is to use an 
8.150-MHz crystal and operate it on its 
second harmonic, 16.3 MHz. Padding 50 
kHz on the crystal fundamental fre-
quency will produce 100-kHz shift in the 
output. This will give you full coverage of 
the 7-MHz phone band. An 8.1-MHz 
crystal will cover the next 100 kHz, and 
another crystal at 8.05 MHz will extend 
coverage to 7 MHz. 

Crystals with frequencies of 8.125 and 
8.075 MHz will be useful if you want 
extra stability and don't wish to pad 

used to bring the crystal frequency within 
the range of C2. Both capacitors should 
have a straight-line frequency response as 
a function of angle of rotation of the 
rotor plates. This capacitor characteristic 
is important for vxo calibration and 
tuning. For example, the tuning capaci-
tors shown in the circuits of figs. 1 
through 4 are common broadcast-band 
variables. When these are used, frequency 
decreases slowly at first as the capacitor 
rotor is turned. Then the frequency 
change becomes faster, until finally a 
hairline change in rotor position will 
produce a 1-kHz jump. This, of course, is 
very inconvenient at the lower frequen-

OOTPU 
L I 40 turns no. 32 closewound on 

3/8" slug-tuned coil form 

fig. 4. Solid-state vxo that pro-
duces stable 50-kHz padding on 
7 MHz. It can be used for 6 or 2 
meters also. 0«-6V 
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cies. The sketch of fig. 6 illustrates the 
geometrical relationship of the stator 
plates in these two versions of variable 
capacitors. 

In the circuit of fig. 5, capacitor C2 
should be of good quality, otherwise 

Battery voltage may be 2.4-12 V. 
Higher voltage may result in dr i f t due to 
heating. I use 6 volts in my vxo. 

in closing 

As far as I know, the vxo designs 

20 

fig. S. Vxo-doubler circuit for a typical exciter. 
Three crystals are required for full coverage of the 40-meter band. 

contact-scraping noise wil l be heard in the 
receiver; small jumps in frequency may 
also occur. A capacitor wi th an insulated 
rotor is recommended for C2. 

circuit description 
The purpose of R1 in fig. 5 is to lower 

the Q of L1. This allows a larger padding 
range and more stable operation near the 
low end of the range. If the frequency 
changes when touching the rf choke, the 
choke is too small. Resistor R2 prevents 
oscillation at the rf-choke resonant fre-
quency. 

Use a two-section be variable capacitor 
to f ind the exact value of C3 and C4. 
Then replace the be capacitor wi th two 
silver micas. A value of 200 pF seems 
right for this circuit. 

table 1. Padding ranges for various crystal 
frequencies. 

padding range 
fig. 1 

F T - 2 4 1 

0 .45 (fundamental) 
4 . 0 0 (9th harmonic) 
8 .00 (18th harmonic) 

( kHz ) 
0.2000 
2.00 
4 . 0 0 

144 .00 (324th harmonic) 72 .00 

figs. 2 & 3 
(kHz ) 
2.00 

20.00 
4 0 . 0 0 

720 .00 

described in this article have never been 
published before. The circuit for the 20A 
exciter has been used on 40 and 15 
meters in both the cw and ssb mode. Al l 
reports were crystal quality, and all oper-
ators asked for the circuit diagrams; so 

TAPER OF A BC 
CAPACITOR 

TAPER THAT WILL 
PRODUCE LINEAR VXO 

CALIBRATION 

fig. 6. Mechanical configuration of straight-line 
wavelength capacitor used for be band and a 
straight-line frequency capacitor. 

I've presented them here to share wi th 
others. My old vfo has since drifted into 
the junk box. 

reference 

1. J. R. Fisk, W1DTY , "73 Useful Transistor 
Circuits," 73, March, 1967, p. 20A. 
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divide-by-ten 

frequency 
scaler 

An accessory 

that will increase 

the range 

of your 

frequency counter 

by a factor of ten 
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It's easy to extend the range of your 
frequency counter with this scaler. Four 
inexpensive JK flip-flops and a simple 
power supply comprise a circuit that wil l 
divide input frequency by ten. Thus, 
frequencies beyond the range of most 
home-built counters can be scaled down 
to a frequency the counter can handle. 
The basic measurement accuracy of the 
counter won't be affected by the scaler. 
If your counter has an upper measure-
ment frequency l imit of, say, 100 kHz, 
this scaler wil l extend its range to 1 MHz. 

The maximum range of the scaler wil l 
depend on the IC's and construction 
techniques. The model shown here has an 
upper frequency limit of 106 MHz. 
Therefore, to realize the maximum poten-
tial of the scaler, your counter should 
operate to at least 10 MHz. 

applications 
A frequency measuring system with a 

maximum upper range of 100 MHz will 
cover all amateur bands through six me-
ters; however, the instrument isn't limited 
to these bands. Two-meter transmitters, 
for example, can be checked at a lower-
frequency stage. 

While exploring its possibilities, I used 
this scaler to check transmitters operating 
in the 900-MHz region by picking up rf at 
a frequency-multiplier stage. Transmitters 
operating between 144 and 160 MHz 
were also checked similarly. An insulated 
wire probe inserted near the plate coil 
was used to obtain energy for the scaler. 
Very little power is needed, and care 
should be taken not to overcouple the 
circuit. The IC's have a high-impedance 
input, and only 0.8 volt p-p is required to 
toggle them. 

circuit description 
The scaler schematic (fig. 1) is a 

standard circuit for a clocked counter 
with binary-coded decimal output for 
decoding. The bed output is incidental. 
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It's not used in the scaler, but merely 
means that the scaler is compatible with 
other IC'S for decimal readout. 

The IC's are from Motorola's MECL II 
family (meaning emitter-coupled logic). 
The MC1013P and MC1027P are iden-
tical, except the latter has lower internal 

such as the MC770P, for those interested 
in using an M E C L as the first stage of a 
counter. 

construction 
The main objectives in building the 

scaler were wide frequency response, sta-

DIVIDe BY 2 DIVIOE BY 6 

fig. 1. Schematic of divide-by-ten scaler and power supply. Unit delivers 4 volts p-p to drive a digital 
frequency counter. 

resistance values, twice the current drain, 
and a higher operating frequency. I used 
the MC1027P in the divide-by-two sec-
tion as a compromise between cost and 
performance. You can use all MC1013P's 
or all MC1027P's, since pin connections 
and logic are identical. Motorola technical 
data1 may be consulted for details. 

An amplifier stage, Ql , increases scaler 
output to 4 volts p p. It will also translate 
the M E C L logic level to saturated logic 
levels, so four identical circuits would be 
useful as an inexpensive interface be-
tween the bed output and a resistor 
transistor logic (RTL) decimal decoder, 

bility, simplicity and low cost. I tried 
several other circuits using linear IC's, but 
found these JK 's could be driven directly 
without gate drivers. The elimination of a 
preamplifier simplifies the power supply 
and reduces cost. 

You are urged to use the board layout 
as shown in fig. 2, with no changes. Other 
layout arrangements will work, of course, 
but I arrived at this one after etching 
several circuit boards, and I know it will 
work. 

At 100 MHz short leads or circuit 
trails are imperative, and bypassing is 
equally important. Note the 0.01-pF min-
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fig. 2. Parts layout. Enclosure is an LMB 138 box 6'A x V/z x 2-1/8 inches. Components are shown as 
viewed from the bottom of the board. Circuit boards are available from Stafford Electronics, 427 
South Benbow Road, Greensboro, North Carolina 27401; order HR-7, $2.50. 

iature discaps across the V c c terminals of 
each IC. Also it's important that power-
supply output be close to 5.2 volts. The 
voltage at the junction of the 2.2k and 
10k resistors must be 4.0 volts. Change 
the value of the 27-ohm filter resistor or 
the 2.2k divider until you obtain these 
voltages w i t h i n 10%. 

wiring 
When wiring the IC's be sure they're 

properly oriented and solder is flowed 
around each pin. Use a magnifying glass 
to examine each soldered connection to 
make certain that no pins are shorted. 
Use a 22-watt iron on the connection 
only long enough to ensure a good joint. 
A hotter iron can be used if you use some 
kind of device to transfer excess heat 
from the connection. Spring-loaded heat-
sink tools are available for this purpose, 

or you can make an acceptable substitute 
from a strip of aluminum. Most device 
manufacturers provide maximum pin 
temperatures, and it's well to heed their 
recommendations. 

If, for some reason, you must remove 
an IC you'll need something to remove 
the molten solder before the IC can be 
removed without damage. The best way is 
to use a vacuum device, such as a Sol-
dapult,* to pick up molten solder. I've 
used this device when removing hundreds 
of solid-state devices and have yet to 
damage any from heat. 

A complete parts list is provided in 
table 1. A conservative estimate for the 
total cost is $25.00-not bad for a simple 
circuit that will increase the range of your 
counter by a factor of ten. 

•Edsyn, Inc., 15954 Arminta Street, Van Nuys, 
California 91406. 
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operation 
When the scaler is completed, check 

the power supply arid examine the scaler 
circuit carefully. The JK flip-flops seem 
to operate with any input from 1 MHz 
up, so the scaler can be checked at a low 
frequency with a signal generator and 
inexpensive oscilloscope. If you obtain a 
signal at the output jack, the scaler is 
probably working all right. If not, it's 
easy to signal trace with the scope, 
progressing through flip-flops 1 through 
4. Output should be found at pins 1 and 
13 of each IC, at about 0.8 volt p-p. At 
the active pins (those not grounded or at 
V c c ) , you should be able to measure 4.0 
volts dc. 

If scope checks lead you to suspect an 
IC, you can substitute another device to 
see if anything changes. With such a 
simple circuit, it's unlikely you'll have 
trouble; however the advice given above is 
included "just in case." 

The two back-to-back diodes across 
the input provide some overload protec-
tion, but it's possible to zap all the IC's 
by applying a very high-level input signal. 
Therefore, with the scaler connected to 
the counter, increase scaler input until 
the counter suddenly starts reading; that's 

table 1. Parts list. 
t 3 x 6-Inch printed circuit board, copper one 

side, etched 
1 enclosure, LMB 138 6V4 x 3Vj x 2-1/8 inches 

or equivalent 
4 spacers, 3/8 to V2 inch long 
1 power transformer, Knight 54-1416 6.3V @ 

.6A (Allied Electronics) 
1 single-phase bridge, or 4 diode equivalent 

(Motorola) MDA920-1 
2 500 (JF ® 1SV (CD 500/15) 
1 27 ohm 1 watt resistor 
1 2.2k V» W resistor 
1 10k V2 W resistor 
1 680 ohm V2 W resistor 
1 470 ohm Vz W resistor 
1 560 pF disc capacitor 
5 0.01 HF 100V disc ceramic or equivalent 
2 1N9 14 high speed diodes 
1 1N100 diode 
1 2N4126 pnp silicon transistor 
1 integrated circuit (Motorola MC1027P) 
3 integrated circuits (Motoroia MC10T3P) 
2 phono chassis connector jacks 

all the input signal necessary. A one-turn 
loop at the end of a short length of 
shielded cable makes a good coupling 
device. 

reference 

1. "The Integrated Circuit Handbook," Motor-
ola Semiconductor Products, Inc., P.O. Box 
20912, Phoenix, Arizona 85306 
Also, Application Notes AN257, AN224, and 
A N 2 7 7 " ham radio 

Circuit board for 10:1 frequency scaler. 
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The number of unusual tasks that can be 
more accurately and economically 
performed by a computer than by manual 
methods is steadily increasing. One of the 
more useful applications of the computer 
is the automatic analysis of electronic 
circuits. 

A number of different circuit analysis 
programs are available. One of the first 
and still popular programs, developed by 
IBM, is ECAP (Electronic Circuit Analysis 
Program).1'2 This program is widely used 
by circuit designers and has been adapted 
for use with machines other than those 
made by IBM. 

features 
ECAP can be used for dc, ac, or 

transient analysis by making slight 
changes to the input data. One of the 
more useful features is an automatic 
frequency response analysis, with 
machine plotting of the waveshape. This 
is done by inputting the proper data for 
an ac or transient analysis and asking for 
an output plot. 

As you would expect, a simple dc 
analysis is less complex than an ac or 
transient analysis of the same circuit. The 
dc analysis program for ECAP provides 
the steady-state solution for linear 
circuits composed of resistors, fixed 
current sources, fixed voltages, and 
dependent current sources. All other 
circuit components must be replaced with 
the equivalent circuit formed by these 
elements. The program also prints out 
diagnostics to inform the user of input 
errors and gives suggested remedies. 

application 
To see how the program works, let's 

make a dc analysis of a simple two-stage 
transistor amplifier. We start with the 
schematic shown in fig. 1. The first step is 
to convert the schematic into a dc 
equivalent circuit so we can describe the 
circuit in the language of the computer. 

It's necessary to follow a few simple 
rules to draw the equivalent dc circuit 
correctly. Capacitors must be replaced 
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with an open circuit and inductors wi th a 
short circuit, since this is how they appear 
to dc. The new circuit wil l consist of a 
ne twork of junctions (nodes) and 
branches, each of which wi l l have an 
input and output terminal. We call a node 
any point where two or more branches 
meet. (They are generally referred to as 
voltage nodes, since voltage calculations 
are made for these points as part of the 
mathematical solution.) A branch must 
contain at least one passive element—in 
our case a resistor. The branch may also 
contain voltage or current sources, or a 
dependent current source. 

Each node and branch must be 
numbered. Any order wil l do, but we 
must begin wi th number 1 and not skip 
any numbers. Ground wil l be called node 
zero (V0 ) . Current-flow direction must be 
selected and may be arbitrary except for 
dependent current sources (the transistor 
collector current) and their controlling 
branches (base current branch); then the 
direction of f low must be consistent. 

For example, the dependent current 

Many readers will wonder why an article 
of this type is presented, since most 
amateurs just don't happen to have a 
digital computer handy. The fact is that 
the program described here is available 
through numerous software companies, 
who maintain remote terminals in many 
large cities linked by telephone line to a 
central computer facility. The computer 
is used by these companies and others on 
a time-sharing basis; thus cost to a 
terminal subscriber is prorated. Libraries 
of programs for many scientific and 
business-oriented problems are available. 

The analysis program described here 
was developed for the IBM 1620 
computer about eight years ago. It's only 
recently, however, that the cost of using 
the program has been within the means 
of the average user by time sharing. 
Typically, the cost of running this 
program would be about $15 .00 an 
hour, including terminal occupancy and 
computing time. Within ten years or so 
this will be substantially lower, so you 
could have a time-share terminal in your 
home for perhaps the same price as a 
telephone subscription, editor. 

source in the transistor model must show 
current flowing from emitter to collector 
(hpE'B^ when controlling current (Ig) 
flows from emitter to base. Refer to fig. 
2, which illustrates the equivalent circuit 
model for the transistors in our circuit. 

Fig. 3 shows the equivalent dc circuit, 
with the two transistors (T1,T2) replaced 
by their models. The capacitors and 
inductors have disappeared; and the 
voltage nodes, Vx, and current branches, 
Bx, have all been numbered. 

•OOf 

fig. 1. Two-stage amplifier used in the circuit 
analysis. Transistor gain (beta) = 50, output 
impedance = 50k, input impedance = 200 
ohms. 

program analysis 
We now start writ ing our input listing 

as pictured in table 1. We bypass the 
usual preliminary instructions to the 
computer concerning items not important 
here. "DC" (first line) indicates a 
steady-state dc analysis request. The 
second line tells the computer that in 
branch 1, current flows from node 2 to 
node 1 through a resistance of 200 ohms, 
and the resistor is connected to a battery 
voltage of -0.5 volt. (This represents the 
base-to-emitter voltage.) The third line 
describes current flow in branch 2 from 
node 0 (ground) to node 2 (emitter 
terminal) through a resistance of 47 
ohms. Line four shows that, in branch 3, 
current flows in the dependent-current 
source from node 2 (the emitter-collector 
junction) to node 3 (the collector 
terminal), through a resistance of 50k 
ohms. E3 in computer language means 
mult iply by 103; i.e. three decimal places 
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table 1. Computer input listing for the elec-
tronic circuit analysis program. 

DC 
B1 N(2,1) ,R=200,E=-0.5 
B2 N(0 ,2 ) ,R=47 
B3 N(2 ,3 ) ,R=50E3 
84 N(3 ,0 ) ,R=3.3E3,E=18 
B5 N(1,4) ,R = 10E3 
BG N(4,3) ,R=200,E=-0.5 
B7 N(5 ,3 ) ,R=4 .7E3 
B8 N(0,4) ,R = 1E3 
B9 N(4 ,5 ) ,R=50E3 
B10 N(5,0) ,R = 1.SE3,E = 18 
T1 B(1 ,3 ) ,BETA = 50 
T2 B(6 ,9) ,BETA = 50 

P R I N T . N V . B P 
E X E C U T E 

dependent branch, B3. The line beginning 
T2 is read in the same way. 

We now tell the computer that we 
want it to print out node voltages and 
branch power losses by the PRINT, NV, 
BP line. The word EXECUTE, which 
follows, tells it to perform the 
calculations and print out the results. 

output 
The printout is shown in table 2. Node 

voltages are printed first, with the node 
numbers shown at the left. The voltages 
for nodes 1 through 4 are listed on the 

should be added to the number 50. Line 
five depicts current flow from node 3 to 
node 0 through a resistance of 3.3k ohms 
and a battery voltage of 18 volts. 

If the battery polarities seem 
confusing, remember that current flow 
from negative to positive through the 
battery represents an increase in voltage. 
Therefore E = 18 is a positive voltage. 
The opposite occurs in branch 1 when 
emitter-base current represents a decrease 
in voltage; hence, the battery is shown 
with current flowing into the positive 
terminal and out the negative terminal. 
Consequently the battery is represented 
by E = -0.5 volt. 

The remaining branch descriptions can 
be read down through the line beginning 
BIO. Line T1 shows that the transistor 
currents flow through branches 1 and 3, 
and that the transistor current gain is 50. 
In this line, the controlling branch, B1, 
must be listed first followed by the 

c 

i i Vfa 

i 1 
£ 

fig. 2. Equivalent circuit model for the transis-
tors in fig. 1, The dashed arrow indicates the 
interdependence of the emitter-collector branch 
with the emitter-base branch. 

first line and that for node 5 on the 
second. Note that the E 01 listed after 
the value for node voltage 3 means that 
the decimal point is to be moved one 
place to the right, indicating -2.64+volts. 
For node 5, E 02 states that we should 
move the decimal two places to the right. 

table 2. Printout giving node voltages and branch power losses. 

voltages 
node voltages 
nodes 

1- 4 -0 .83987243E-00 -0 .31386716E-00 -0 .26482825E-01 
5- 5 -0 .11750809E-02 

-0 .21401336 E-01 

element power losses 
branches power losses 

1- 4 0 .33813746E-05 
5- 8 0 .16906791E-03 
9-10 0 .21426438E-01 

0 .20960125E-02 
0 .332023 85E-06 
0 .26034927E-01 

0 .15285775E-01 
0 .17628932E-01 

0 .71416734E-01 
0 .45801718E-02 
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Branch power losses are listed next in 
the same order as the node voltages. E-05 
trailing the number for branch 1 tells us 
to move the decimal point 5 places to the 
left for a 0.00000338+ watt loss. Branch 
2 shows a power loss of 0.002+ watt. 

modeling 

You've probably guessed that the 
greatest difficulty with circuit analysis (or 
design) via the computer is coming up 
with realistic models for the active com-
ponents, such as tubes and semiconduc-
tors. A good model allows useful results 

fig. 3. C o m p l e t e model of 
t h e two-stage amplif ier 
with all the voltage nodes 
identif ied for the program 
input listing. 

to be obtained, whereas a poor model will 
give questionable results or none at all. 
Almost as many different basic models 
are available as circuit analysis programs. 
Books have been written on modeling 
(references 3 through 6), therefore no 
attempt is made to go into that subject. 

other outputs 

The circuit we've examined is simple. 
We have only asked for simple outputs. 
We could have asked for more profound 
information, such as voltage sensitivities 
or a worst-case analysis. Sensitivities refer 
to whatever change may occur in a node 
voltage for a one-percent change in the 
branch parameter. This allows the de-
signer to take precautions and use closer 
tolerances with components that have the 
greatest effect on circuit operation. A 
worst-case analysis means to sum all the 
positive (or negative) tolerances in a 
parameter and compute the resulting 

node voltages. Obviously, these two out-
puts would be valuable to the circuit 
designer by eliminating many hours of 
manual calculations and the need for 
bread boarding. 

conclusions 
Computer-aided circuit analysis or de-

sign is a powerful tool for the engineer or 
technician. With it he can design on 
paper, check out the circuit, and modify 
and recheck without breadboarding. 

Those who have access to a computer 
may find it worthwhile to try their hand 

05 
10 * 

•vw-

at circuit analysis with ECAP or one of 
the other available programs. Anyone 
with a good understanding of electronic 
circuits can become proficient in com-
puter-aided design and analysis tech-
niques after a few practice sessions. 

references 
1. " I B M 1620 Electronic Circuit Analysis Pro-
gram (ECAP)," document 1620-EE-02X, User's 
Manual, IBM, Inc., New York. 
2. R. W. Jensen and M. D. Lieberman, " I B M 
Electronic Circuit Analysis Program," Prentice-
Hall, New York . 
3. J. F. Pierce, "Semiconductor Junction De-
vices," Charles E, Merrill Books, Inc., Colum-
bus, Ohio. 
4. "Transistor Manual," 7th edit ion, 1964, 
General Electric Co., pp. 52, 53; 69-77. 
5. F. F. Kuo and W. G. Magnuson, Jr., 
"Computer Oriented Circuit Design," Prentice-
Hall, New York. 
6. "The Semiconductor Data Book," 4th edi-
t ion, 1969, Motorola Semiconductor Products, 
Inc., pp. AN-3 to AN-15. 
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tunable 

audio filter 
for cw 

A selective audio filter can really help to 
pull cw signals out of heavy interference. 
What will help more is a tunable unit that 
will allow you to select the tone you 
want. 

This circuit uses two cascaded Ray-
theon RM709 linear operational ampli-
fiers* in an active filter that can be tuned 
while still maintaining essentially con-
stant bandwidth at the 3-dB points of its 
response curve. 1 

design 
Fig. 1 shows the filter response at 

1000 Hz using the circuit of fig. 2. Gain 
at center frequency is approximately zero 
dB (gain of one), and the tuning range is 
from 750 to about 1600 Hz. The 3-dB 
bandwidth is 140 Hz. 

The gain of one means that when the 
filter is switched in, audio blasting won't 
occur at the tuned frequency. Maximum 
input signal is about 5 volts before 
clipping occurs at the output. 

power supply 
The ICs require a dual-polarity power 

supply. My supply makes use of the trick 
known as "zero" or "common" reference 
to the IC.2 A single 9-volt transistor 
battery with two resistors is used, as 
shown in fig. 3. While this supply is 
adequate, slightly higher voltages will 
allow the filter to handle larger input 
signals. 

construction 
Careful parts layout and the usual 

construction practices for assembling and 
wiring integrated circuits are a must for 

'Directly replaceable with the Motorola 
MC1709. Both devices are packaged in a 
TO-99 case.Editor. 
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this filter. The ICs have high gain and 
wide bandwidth. Short leads and by-
passing at IC terminals will ensure against 
internal oscillation, which could destroy 
the devices. Overall shielding, as well as 
input-lead shielding, will keep transmitter 
rf out of the filter. The parts can be 
mounted on a small perforated board, 
which can then be installed in a Minibox 
or similar enclosure. 

operation 
After checking filter and power supply 

wiring, set the filter switch to OUT, insert 
the filter phone plug into your receiver 
phone jack, and connect your head-
phones to the filter output. Tune in a cw 
signal tone of your choice, then switch 
the filter to IN and adjust the filter 
tuning for maximum volume. Select a 
tone within the filter tuning range. With 
practice this wil l be easy. 

performance 
Although the filter skirts are not the 

best I have seen, the unit performs 
remarkably well. If your ssb transceiver 

fig. 1. Filter response with a 

center frequency of 1000 Hz . 
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CI , C2, 

C3, C4 

.01 nF, matched to 5% or better R3, R7 

v / OUTPUT 

162k, matched to 2% or better 

R4, R8 2k ganged potentiometers (IRC no. 

PQ11-110 and M11-110) R1, R5 43k, matched to 2% or better 

R2, R6 510 ohms, matched to 2% or better 

fig. 2. Schematic of the tunable audio filter. Circuit features selective audio tone for cw reception. 

has a fixed receiver bandwidth (approxi-
mately 2.5 kHz) you'll be able to receive 
cw with considerable ease with this filter. 
The filter tuning control literally scans 
the receiver passband and picks out the 
wanted tone. Using the filter with my 
Swan 500C has made many enjoyable cw 
sessions possible. 

possibilities 
Because the filter can handle high-level 

signals, it's not restricted to headphone 
use. With some thought it could be used 
for speaker operation. 

For higher gain, a different audio 
range, or change in bandwidth, the com-
ponent values can be adjusted in accord-
ance with the following formulas: 

Ra = 

Rb = 

Rc = 

1 
27taGC 

1 
ttaC 

2ttC (2f2/A) - aG 

fig. 3. Transistor-

battery power sup-

ply that provides 

dual-polarity output 

for the filter. 

where 
A = desired 3-dB bandwidth per stage 
G - nominal stage gain at center 
frequency* 
C = CI, C2, C3, C4 
f = midrange frequency 
Ra = R1, R5 
Rb = R3, R7 
Rc = R2 + R4; R6 + R8 

*Total filter gain = gain product of stage 1 

and stage 2. references 

1. Leslie Robinson, "Active Bandpass Filter 
with Adjustable Center Frequency and Con-
stant Bandwidth," EEE, February, 1968, p. 
124. 
2. John J. Schultz, W2EEY, "Using Integrated 
circuits with Single-Polarity Power Supplies," 
ham radio, September, 1969, p. 35. 
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a vfo 
for 

solid-state 

transmitters 

Tired of 

being rockbound? 

Here's a neat 

vfo 

featuring the 

Vackar oscillator 
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Amateurs who have built and used very 
low power solid-state transmitters have 
marvelled at their ability to carry on solid 
contacts over normal propagation dis-
tances, even on 80 and 40 meters. Most 
of these transistor transmitters, however, 
are designed around crystal-controlled os-
cillators. The limitation of operating 
within the frequencies of one's supply of 
crystals is not relished by most amateurs 
accustomed to moving freely over the 
bands. In this age of the vfo, crystal 
control of operating frequency represents 
a step backward in amateur communica-
tions practice. 

Having been bitten by the transistor 
transmitter bug but not wanting to be 
crystal bound, I began searching the 
literature for solid-state vfo construction 
articles. Fortunately there are a number 
of helpful articles on various transis-
torized vfo circuits (see espicially refer-
ence 1), and I will not discuss these 
circuits here. Unfortunately a dearth of 
construction articles exists for the ama-
teur wanting to build a stable, easy-to-
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construct solid-state vfo. Most amateurs 
do not have the time or technical know-
ledge to design, work out the construc-
tion details, and conduct the tests neces-
sary to build such a unit. These road-
blocks limit the interest of many ama-
teurs in transistor cw work. This article 
will help to fill a gap in the literature and 
provide an interesting construction pro-
ject. 

The vfo is easy to reproduce, produces 
a high-quality chirpless note when keyed, 
and is relatively inexpensive to build, 
even when all parts are purchased new. 

Two vfos were constructed, one for 80 
meters and one for 40. The 80-meter 
unit, however, can be used on 40 if a 
doubler stage is used in the transmitter. 
For those wishing to construct a 40-meter 
unit, appropriate oscillator component 
values are given. All other construction 
details are the same for both. In fact, the 
circuit can be used from 10 through 160 
meters with appropriate changes in values 
of the frequency-controlling components. 

The circuit is uncomplicated and easy 

Stable high-frequency vfo uses a double-bearing 
Mil len variable capacitor. 

to follow (fig. 1). It uses a Vackar 
oscillator with a toroidal inductor, a 
buffer stage for isolating the oscillator 
and minimizing the oscillator load, and a 
second buffer for further isolation as well 
as impedance matching. Inexpensive jfets, 
MPF102s, are used in the oscillator and 
in the first buffer stage, and a bipolar 
transistor, an HEP 55, is used in the 
impedance-matching stage.* The HEP 55, 
operating in the common-collector con-
figuration, matches the high impedance 
output of the MPF102 buffer to the 
low-impedance input of the transmitter. 

construction 
The vfo is constructed in a 3 x 4 x 

5 - inch aluminum minibox. Rubber 
mounting feet on the minibox help re-
duce mechanical shock and vibration. 
Also, a heavy aluminum plate is used to 
reinforce and strengthen the base of the 
minibox. The main tuning capacitor—a 
double bearing type—and the toroidal 
inductor are mounted on a 11/z x 2%-inch 
platform of plexiglas or polystyrene sup-
ported on spacers on the base of the 
minibox. This method of mounting the 
capacitor and coil minimizes vibration 
and increases stability. It is an improve-
ment over the conventional practice of 
direct mounting on a heavy metal base. 
As someone has pointed out, heavy met-
al, as in a bell, vibrates vigorously when 
even lightly tapped. This is not true of 
plexiglas or polystrene. The oscillator coil 
is wound on an Amidon T-50-2 toroid 
core and needs no shielding. It is mount-
ed on a 1 x 1-inch piece of perforated 
board and is held firmly by coil dope and 
short leads soldered to lugs bolted to the 
board. The perforated board, in turn, is 
bolted to a small standoff insulator 
mounted on the plexiglas platform be-

•The MPF102 is listed at 90 cents and HEP 55 
at $1.20 in the current Allied Radio Company 
catalog. 
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tween the main tuning capacitor and the 
front of the minibox. The other oscillator 
components are mounted on terminal 
strips along one side of the plexiglas 
platform. A 10-volt zener provides excel-

Transistor sockets are used in prefer-
ence to soldering the transistor leads into 
the circuit. This not only avoids possible 
damage to the transistors from the heat 
of the soldering iron, but also permits 

L I (80 meters) 48 turns no. 30 enamel-
ted on Va" toroid core (Amidon 
T-50-2) 

(40 meters) 25 turns no. 30 enamel-
led on Vz" toroid core (Amidon 
T-50-2) 

C I 33 p F N 7 S 0 negative temperature 
coefficient ceramic 

C3 (80 meters) Millen 2 3 0 5 0 M K F or 
19050 

(40 meters) Millen 19025 

R F C Millen J300-1000 

For 40-meter operation C4 and C6 should be 680 pF 

fig. 1. Schematic for solid-state vfo and buffer stages. 

lent voltage regulation for the oscillator. 
All components in each buffer stage 

are mounted on a single five-tie-point 
terminal strip, center terminal grounded. 
Each buffer stage is assembled as a unit 
before attaching to the chassis. Copper-
clad circuit board is not recommended. 
Not only is it difficult and time-
consuming to use, but it offers no per-
formance or constructional advantage 
over conventional terminal-strip wiring in 
this application. In fact, circuit boards 
frequently cause ground-loops and other 
problems.2 

easy substitution of transistors if and 
when necessary. The latter feature paid 
off for me, as I found a weak transistor 
in the circuit when I first tested the vfo. 
In mounting each socket, two of its 
terminals are soldered to the appropriate 
tie points on the terminal strip. 

The need for temperature compensa-
tion to reduce frequency drift of the 
oscillator is minimal so long as the vfo is 
kept away from heat-generating equip-
ment. A 33 pF N 7 5 0 negative-tempera-
ture-coefficient capacitor is sufficient to 
take care of small temperature-induced 
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effects. 
Note that a subminiature iron-core 

choke is used to provide the load for the 
drain of the oscillator transistor. The 
choke replaces a resistor that was first 
tried. I could not get the circuit to 
oscillate on a 12-volt supply using the 
load resistor because of the voltage drop. 
The low value of the inductance (1 mH) 
of the choke not only provides low dc 
resistance but also the proper load imped-
ance for the MPF102. 

For adjusting the main tuning capaci-
tor, an inexpensive 2-inch Japanese-made 
vernier dial is used. This works very well. 
Band edge is adjusted by a 12 pF variable 
capacitor on the front panel; a slotted 
shaft for screwdriver adjustment is recom-
mended, as this capacitor rarely needs 
attention. The bandspread over the main 
tuning dial is excellent. 

On the back of the minibox are the 
key jack, two phono jacks (one for rf 
output and one for battery or power 
supply leads) and an on-off switch for B+. 
To avoid damage to the transistors from 
reversed polarity, a semiconductor diode 
is inserted in series with the B+ lead 
between the B+ jack and the on-off 
switch. 

The value of capacitor C72 coupling 
the vfo to the transmitter wil l depend on 
the amount of drive required for the 
transmitter and the input impedance of 
the crystal oscillator stage, whose crystal 
the vfo now replaces. Although the 
schematic shows a 100 pF coupling ca-
pacitor, the value might well vary from 
50 to 300 pF. 

checking and testing 
Before connecting the vfo to its power 

supply and before inserting the three 
transistors, use your vom to check for 
any possible short between the B+ line at 
the "on " side of the switch and the 
chassis. Still without inserting the transis-
tors, connect the power supply to J1. 
Check with the vom for correct voltage 
between the " o f f " side of the switch and 
chassis. If the voltage is not correct, the 
diode is either inserted backwards or is 

defective. Next, insert an MPF102 in the 
oscillator-stage socket and connect a key 
to the key jack. Turn on the switch and, 
while keying, listen for the oscillator 
signal in your receiver. With vfo tuning 
dial set at 90 you should find the signal 
toward the low end of the cw portion of 
the 80-meter band; the exact spot will 
depend on the setting of C2. 

When you have ascertained that the 
oscillator stage is functioning normally, 
turn off the switch and insert the other 
two transistors in their sockets. Also 
connect a 0 - 5 0 0 ohm or a 0 -1000 ohm 
potentiometer or variable resistor as a 
load to the output at J2. Turn on the 
switch and with the key depressed meas-
ure the rectified output voltage, using a 

OC VOLTS 

fig. 2. Test probe for checking output of vfo. 

probe such as that in fig. 2. The output 
should peak about VA as the 
potentiometer is adjusted-probably 
around 400 ohms. One other voltage 
should also be checked: measure the 
regulated voltage at the zener; it should 
remain unchanged while keying. 

When these tests have been success-
fully completed, you are ready to con-
nect the vfo to the transmitter. 

connection to transmitter 
A short piece of coax or shielded wire 

can be used to connect the output of the 
vfo to the transmitter. The center of the 
coax is tied to the terminal of the crystal 
socket that is connected to the input of 
the oscillator (usually the base). Be cer-
tain that this connection is made correct-
ly! Do not connect the other crystal 
socket terminal to the chassis unless it is 
already connected that way. The braid of 
the coax, of course, is tied to chassis 
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ground. It is recommended that a phono The only other adjustment is to set the 
jack be installed in the transmitter for the low-band edge on the main tuning dial, 
connecting cable. This is done by turning the main tuning 

Parts layout for the stable solid-state vfo. 

You may have to change coupling 
capacitor C13 to obtain the required 
voltage at the input of your transmitter. 

"It 's your own fault! T h e man told 
you this kit separates the men from the boys!" 

dial to 100 (full capacity} and adjusting 
C2 while checking with the crystal in 
your receiver. 

The vfo is powered by a 12-volt 
lantern battery or eight D-type flashlight 
cells. Be sure to connect a 100-mF electro-
lytic capacitor across the battery termi-
nals. 

I'd be happy to hear from those who 
build and use this vfo. 
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J** \arry alien 

how distortion creeps in 

"Whaaatsch at cherrr saoyynn naaiir, 
ohhhyemmm?" the speaker sputters. 
" C a u y y n t unnderrrschtaunnnd moy 
kewwayysssaooh?" 

Heck no, you can't understand his 
QSO. He sounds like his mouth's full of 
spaghetti. What's happening is the speech 
amplifier in that fine new high-power 
transmitter has a gremlin. He's being 
bugged by distortion. 

When distortion hits you in your 
receiver audio amps, you at least have a 
sporting chance. You can hear it. But 
audio distortion in your transmitter is 
embarrassing. Everyone elso knows it 
before you do. (They do unless you're a 
lucky one who has a scope modulation 
monitor and watches it.) Whichever place 
it hits, the sooner you get at fixing it, the 
sooner you'll start enjoying your hobby 
again. 

the unliriear amp 
Today's speech amps and audio amps 

are mostly transistor. A good percentage 
of the faults that happen pop up sudden-

ly. You're working along and—bang, 
there's trouble. 

Not so, when the trouble is distortion. 
Garbled sound has a way of slipping up 
on you. At first the sounds you (or your 
buddies on the net) hear are only vaguely 
"not right." But they get steadily worse 
over the next few hours or days— 
sometimes over weeks or months. Then 
one day you wake up to how hard it is to 
understand anybody on your once-hot 
receiver. Or people ask you to repeat so 
often it's annoying. 

Preventive maintenance, particularly in 
the transmitter, may help some. If you're 
running ssb, it's awful easy to have 
distortion just from misadjustment. So 
it's a good idea to check out the speech 
amps whenever you feel the urge to make 
sure your signals are shipshape. 

The chief cause of audio (or speech, or 
voice, or sound, whichever you like to 
call it) distortion is an amplifier that has 
become nonlinear. A class-A amp should 
operate on the linear portion of the 
base-collector (or grid-plate) transfer 
characteristic (fig. 1). Let the bias shift, 
and operation moves onto one of the 
knees. The resulting distortion can be 
bad. See the sine-wave comparison in fig. 
2. 

Some speech drivers operate outside 
class A. They may run with bias nearer 
cutoff, like a class AB-j (fig. 1). Major 
distortion is avoided there by carefully 
limiting the amplitude of input signal and 
by using transformer output coupling. A 
transformer helps restore the roundness 
of a sine waveform that has been flat-
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fig. 1. Base-collector transfer curve of a typical 
pnp transistor. Class-A operation is entirely 
linear. Class AB1 has bias nearer cutoff, but 
signal input is limited so it never actually 
reaches the cutoff or saturation portions of the 
curve. 

tened at the knee of an amplifier curve. 

the square test 
Your best instruments for distortion-

chasing are the square-wave generator and 
oscilloscope. The units used for this 
article are illustrated in fig. 3. The genera-
tor is a kit-type and inexpensive—plenty 
okay for ham testing. (You can use it, 
and the techniques I'm about to describe. 

fig. 2. A class-A amp distorts input waveforms 
if the bias shifts. Here, severe compression of 
the positive half-cycles (of the output) is caused 
by the curve's knee. 

for hi-fi testing, too.) 
Why not a use sine wave, you wonder? 

The reason is simple. It's hard to spot 
slight distortion in a sine wave. In a bad 
case, yes, the twisting or flattening is 
visible. But you just can't see subtle 
alterations except by superimposing 
input-output waveforms with a dual-beam 
scope or an electronic switcher. And 
that's more expense and complication. 

So use a square wave. Feed a square 
wave into your receiver and transmitter 
voice stages and look at the waveforms 
you get with your own scope. Become 
familiar with them. 

If you have a Polaroid camera, take 
pictures of the scope patterns when the 
equipment is operating normally. (Do it 
in the dark, and use ASA-3000 Polaroid 
film.) On the back of each picture, mark 
the brand and model of the equipment, 
what test point the scope is connected to, 
and the normal amplitude of the wave-
form. Keep the photos with the service 
manual and schematic. 

There are two nominal square-wave 
frequencies for testing a communications 
audio amp. Bandpass of the stages is 
limited, remember. Low frequencies sel-
dom go below 100 Hz, and highs seldom 
much above 3000. 

A square wave stays square on the 
trailing edge if low frequencies are okay 
down to one-tenth of the fundamental 
frequency. Therefore, a TOO-Hz waveform 
should stay square at the trailing (right-
hand) corners if the stage it's going 
through has normal response down to 
100 Hz. The normal input waveform in 
fig. 4A takes on a t i l t like fig. 4B if the 
bass response is limited more than it 
should be. 

On the other hand, the leading edge of 
the square wave tells about the high 
frequencies. The leading corner of the 
waveform stays square if frequencies are 
okay up to ten times the fundamental 
frequency. With a 3000-Hz upper limit in 
communications gear, a 1000-Hz square 
wave would show rounding at the leading 
edge—even in a normal amplifier. You can 
see this rounding in fig. 4C. 
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What you do is move the generator 
frequency to 300 Hz. The leading edge of 
the square wave is the one to watch. Just 
ignore the trailing edge, because it now 
tests down to 30 Hz-well below the 
amplifier's normal response. It'll be 
rounded. The waveform in fig. 4D shows 
the amplifier being tested is good to 3000 
Hz. The leading edge is square. 

distortion on the square 
A few unusual distortion waveforms 

are pictured in fig. 5. Two of them 

fig. 3. Scope and sine-square generator used 
service-type instruments—not lab equipment. 

illustrate faults that cause distortion but 
are not necessarily from a nonlinear 
amplifier. In their cases, the amplifiers 
were self-oscillating. 

In fig. 5A you can see a parasitic 
oscillation modulated on the square wave. 
Also obvious, once you know to watch 
for it, is the rounding on the leading 
edges—the sign of poor high-frequency 
response. This speech-amp trouble was 
traced to a bad bypass capacitor. It was 
letting the stage oscillate and also over-
load on below-normal signal levels. You 
should have heard the crazy sound this 
transmitter produced! 

The waveform in fig. 5B reflects an 
extreme case of self-oscillation. The 
square wave was triggering the oscillation, 
one burst for each cycle of square wave. 
Voice signals were unintelligible. Yet, a 
sine wave showed hardly any distortion. 
It took a waveshape with a sharp "at-

tack" to set the stage oscillating. Voice 
signals were plenty sharp enough. 

Bias distortion in an amplifier stage 
created the terrible waveform in fig. 5C. 
This one was a fooler. Tracing a square 
wave through the stages with a scope 
uncovered fairly quickly the driver that 
was distorting the signal. But the actual 
defect turned out to be a bad transistor in 
an earlier stage. Coupling was dc. The 
leaky transistor fouled up the bias on the 
driver, yet the scope showed the square 
wave going through the defective transis-

to test the amplifiers for this article. Both are 

tor okay. It just happened that bias for 
the driver was more critical than in the 
earlier stage. 

A bad capacitor created the severe 
overload waveform in fig. 5D. You could 
duplicate this waveform by simply feed-
ing too much signal through any stage. 
But in this one the input signal was well 
below the natural overload level. The 
stage just couldn't handle much signal. A 
leaky coupling capacitor had drastically 
altered bias on the transistor. 

You'll see plenty of other distortions 
as you test squawky-sounding amplifiers 
with square waves. You don't always have 
to recognize the trouble from the wave-
form, although practice will make you 
pretty good at doing that. What the 
generator and scope do is identify the 
stage where the distortion is. Then, you 
track the defect down by specific trouble-
shooting within the faulty stage. 
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Of course, the end goal is to find the 
defective part. Once you've identified the 
stage that's bad, there aren't usually 
many parts to test. But it's also generally 
quicker to be scientific about it, rather 
than haphazard. 

Using the typical speech amp in fig. 6 
as an example, I'll tell you the steps I go 

A. Normal, generator directly to scope 

B. Tilted trailing edge, poor low response 

fig. 4. Square waves are Informative for testing. 

through to find the bad part. It works no 
matter what the type of distortion, so 
just what the waveform looks like isn't 
that significant. 

First disconnect the mike. Connect the 
square-wave generator in its place. Turn 
the generator up high enough to simulate 
the mike input. The average crystal or 
ceramic mike puts a millivolt or two into 
a high-impedance input. 

If you want to be sure, connect the 
scope across the microphone input, with 

the mike in place. Say "ahhhh" into the 
mike at close range and notice the ampli-
tude of scope trace. Then unplug the 
mike and substitute the generator. Turn 
up its output control until the scope 
display is the same height it was with the 
mike. The scope should show you a 
waveform like fig. 4A. 

C. Rounded leading edge, poor high response 

oy r y eu. 

J J J 
D. Normal, when 300-Hz square" wave is used; 

amplifier doesn't go down to 30 Hz, hence 
downturncd trailing edge 

Then move the scope from test point 
to test point. Keep in mind what I 
already told you about the frequency 
response of the speech amps. The further 
along you get, the more rolloff you find 
above 3000 Hz. It's especially pro-
nounced after Q2 (C8 bypasses a lot of 
highs). Check both ends of the response; 
use 1000 Hz for the low end and 300 Hz 
for the high end. If that sounds strange, 
reread the paragraphs that describe "the 
square test." 
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Make the tests in sequence. A bad 
waveform at A tells you R1 or C1 is in 
trouble. Trouble at B is most likely the 
fault of C2 or C 3 - o r perhaps R2. How-
ever, a defect in Q1 could reflect back. 
For example, a base-emitter short could 
load down the waveform at point B. 

A bad waveform at C points to Q1 or 

They don't impart any voltage gain to the 
square-wave signal. However, Q2 does, 
and you should see a considerable in-
crease in amplitude between points E 
and F. 

botched-up bias 
When you find trouble around a tran-

P O P 

A, Parasitic oscillation Distortion makes sawtooth 

O. Overload distortion B. Oscillation, amplifier blocked 

fig. 5. Waveforms that reveal distortion. 

C4. At D it could mean C5 or R5 is bad. 
Don't forget to try turning the shaft of 
R5, though, to make sure it's not just 
turned down. 

And so on. Each test point tells you 
about the components connected there 
and those between there and the test 
point just preceding. Vou narrow down 
the fault to just a few parts, which you 
can then test individually without much 
wasted time. 

Pay attention to the kinds of stages. 
Vou might be misled if you don't. Q1 and 
Q3 in fig. 6 are common-collector ampli-
fiers (or emitter followers, if you prefer). 

sistor, don't just jump in and replace it. 
Measure the dc voltages first. Distortion, 
as you read earlier, is commonly the fault 
of wrong bias on a transistor. True, it 
may be due to transistor leakage, but it 
could just as likely be a bad resistor or a 
leaky capacitor. 

For example, suppose in a system like 
that diagramed in fig. 6 you touch your 
scope probe to point D and find the 
square wave still normal. At point E 
there's a tiny change but not enough to 
worry you yet. But the waveform at F is 
lousy. The trouble seems isolated be-
tween E and F. Is Q2 defective? That's 
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usually your first thought. 
If you have a transistor tester, great. 

Use it, and save yourself a lot of meas-
uring and figuring. But you probably 
haven't, so you go ahead with voltage 
measurement. 

Collector voltage is wrong, but so is 
base voltage. Strangely, the base voltage 
changes as you turn modulation level 
control R5. That alone should tell you 
what's wrong. But maybe you don't 
happen to try turning R5. You check the 
two most likely parts: R6 and R7. Both 
measure okay with your ohmmeter. You 
disconnect the transistor, just in case the 
base is shorted to emitter or collector; 
normally there is hardly any base current 
to drag the base voltage down. 

When you disconnect C6 to test it, the 
base voltage goes back to normal. The 
capacitor is very leaky. You can test it 

the scope connected at the output (to-
ward the balanced modulator). Just 
bridge each capacitor with a good one of 
the same value while you watch the 
square wave. If the waveshape changes, 
the one you bridged is open. Watch the 
corners, particularly at the leading edges. 
These bypasses affect high-frequency re-
sponse. 

A n emitter bypass like C7 has more 
effect on low frequencies. With the scope 
connected as just mentioned, bridge the 
capacitor with a known good one. If the 
trailing corner of the square wave alters 
much, replace the capacitor. It's probably 
open. If it were leaky, it would change 
the emitter voltage drastically. 

A sensible combination of bias check-
ing and square-wave tracing should solve 
almost any distortion trouble for you. At 
least, it gets you so close to the root of 

fig. 6. Points for square-wave testing in a typical speech amplifier. Voltage or substitution tests find 
the defective part. 

with your ohmmeter, or by the "open 
end" test (disconnect the end nearest 
ground and measure for voltage leaking 
through from the base-bias circuit). The 
leakage didn't affect the waveform be-
tween points D and E, but it sure did play 
heck with the bias on Q2. 

Watch out for bad bypass capacitors. 
They're hard to spot, especially if they're 
open. Capacitors like C1, C3, C4, and C8 
show definite trouble when they short, or 
even if they get very leaky. The fault may 
be a little harder to spot if one of them is 
open. 

The best way to check them is with 

the trouble it leaves only a few parts to 
test. 

on the griddle 
For my next column I've cooked up 

some solutions to a problem that aggra-
vates even experienced professional ser-
vicers, Troubleshooting rf and i-f stages 
has peculiarities all its own. Yet, you'll be 
surprised how simply it can be done. All 
you need is a little advance knowledge of 
what to expect, and some hints for what 
tests to make. Both are in repair bench 
next time. 

ham radio 
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an improved 

six-meter 

converter 

A new approach 

to portable 

vhf converters 

using fets 

and a tunable 

local oscillator 
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Many converter circuits have appeared in 
print for those who wish to use an 
inexpensive transistor broadcast set in a 
solid-state receiver or transceiver. I've 
built a few of these converters, and in 
many cases they turned out to be a 
compromise between simplicity and per-
formance. So I designed one that's simple 
but free of a few traditional flaws. The 
resulting circuit uses inexpensive fet's in 
rf and mixer stages and a Vackar tunable 
oscillator for frequency control (fig. 1). 
This approach represents an improvement 
over the new autodyne and crystal-
controlled bipolar circuits. 

design 
The tunable-oscillator-type converter 

offers the best design approach, because 
the transistor radio can be used to maxi-
mum advantage as a fixed-frequency i-f 
amplifier. By setting the be receiver to a 
frequency just above the broadcast band, 
1620 kHz, image rejection is held to the 
highest possible level over the six-meter 
band, and local broadcast-station feed-
through is eliminated. Also the mixer 
output can be peaked with a high-Q 
circuit for higher gain. None of this is 
possible when the transistor radio has a 
tunable i-f. 

The most obvious drawback to this 
approach is the requirement for a stable, 
tunable oscillator in the 50-MHz region. 
To solve this problem I chose a solid-state 
Vackar oscillator circuit. The version in 

50 Qg august 1970 



this converter uses an easily obtainable 
toroid inductor,* and provides more sta-
bility than any simple circuit I know of. 
If good vfo construction practice and the 
prescribed temperature compensation are 

weakest signals. The circuit is very simple 
to build and adjust, since it tunes quite 
broadly and is not prone to oscillation. If 
more gain is required, the optional ampli-
fier shown in fig. 2 provides a hotter 

SOMHl 

CI, C2 N-750, 100 pF 

Vc 

Ct 

about 5 pF <E. F. Johnson type M; 

remove plates if necessary) 

1-7 pF trimmer 

L I , L2, 0.55-0.80 mH (Millen 69054-0.68) 
L3 

l_4 9 turns no. 22 on T50-10 core (see 
text) 

L.5 2 or 3 turns test probe wire (depending 
on oscillator output) on cold end of L4 

L6 20-50 juH (Calectro D1-854) 

L7 20 turns no. 30 scramble-wound slight-
ly above L6 on same form 

L8 5 or 6 turns no. 22 on cold end of be 
loop antenna, connected to l_7 with 
twisted hook-up wire 

L9 10 turns no. 24 tapped 3 turns from 
gnd on V*" slug-tuned form (Miller 
4500-4) 

fig. 1. Schematic of the fet six-meter converter. 

used, you' l l have no trouble with instabil-
ity. 

The rf and mixer have a low noise 
figure and a much wider dynamic range 
than is possible with bipolars. Similar 
circuits can be found in the more recent 
editions of the A R R L handbook. The 
grounded-gate rf stage, while not an 
extremely high-gain circuit, does provide 
sufficient gain for reception of all but the 

*A kit of two toroid forms and wire rs available 
from Circuit Specialists Co., P. O. Box 3047, 
Scottsdale, Arizona 85251 for $1.25. Order: 
VFO-6. 

front end. More care must be used in 
layout and tuning procedure, because the 
alternate circuit tunes quite sharply and 
requires neutralization. The A R R L hand-
book provides tuning procedures for 
grounded-source amplifiers, should you 
run into a problem. 

The double-tuned circuit between the 
rf and mixer is a worthwhile investment. 
It improves out-of-band signal rejection. 

The mixer is a standard grounded-source 
circuit, with oscillator injection via a 
grounded link. The output is tuned slight-
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ly above the edge of the broadcast band 
and is fed to the transistor receiver loop 
antenna by a simple balanced line. 

construction 
Component arrangement is somewhat 

flexible, depending on the size of your 
circuit board and your needs. My board 
measures a scant 1% x 3% inches; even 
this is too small unless you enjoy building 
ships in bottles. 

generator should be used to tune the 
mixer, since the mixer pulls the oscillator 
frequency just enough to make signal-
generator peaking a frustrating experi-
ence. I used a regenerative receiver, 
placed across the room as a noise source. 

Once properly tuned, the unit's sensi-
t ivi ty should produce a noticeable in-
crease in background noise when an 
antenna is connected. The signal-to-noise 
ratio may be optimized by tuning in a 

HEP602 

L9 0.55—0.80 mH 
(Millen 69054-0.68} 

[001 

•ftZ'tsv 

fig. 2. Alternate 50-MHz rf amplifier provides more sensitivity than the grounded-gate stage used in 
fig. 1 but must be neutralized to avoid oscillation. 

A few considerations should be kept in 
mind when laying out and building the 
oscillator. I mentioned earlier that some 
form of temperature compensation is 
needed. This can be provided by using 
N750 capacitors for C I and C2. Also, to 
prevent overcoupling between oscillator 
and mixer, the grounded link is made 
from rubber-insulated clip-lead wire. The 
insulation thickness allows fairly loose 
coupling, yet provides a snug support for 
the link. The coil assembly is then se-
cured wi th epoxy cement. 

Finally, if you operate the transistor 
radio and converter from the same bat-
tery, be sure to include the zener regula-
tor. Otherwise, the varying load of the be 
radio's class B output stage wi l l cause the 
oscillator to dr i f t . 

adjustment and operation 
By listening on any good six-meter 

receiver, you can f ind the oscillator sig-
nal. Then set the signal for the tuning 
range you wish. Mine tracks from 51.5 to 
52.7 MHz, which covers only the popu-
lated low end of the band. A noise 

weak signal and adjusting the rf-input coil 
for the desired characteristic. With the 
grounded-gate amplifier, l i tt le difference 
between maximum gain and maximum 
s/n wi l l be noticed; however, wi th the 
grounded-source circuit, the significant 
improvement can be achieved. 

performance 
The performance of my unit is more 

reminiscent of a modest communications 
receiver than of the shoestring conver-
ter/bc set configuration. Sensitivity is 
excellent, and you may want to broaden 
the i-f response of the transistor radio if 
its selectivity seems too sharp for your 
operating needs. 

Although overall gain won' t blow you 
out of the room, the low noise figure 
allows you to hear weak signals that 
would be buried in noise of a similar 
bipolar setup. The circuit is well worth 
considering if you're planning a portable 
rig or are tired of fighting the dr i f t 
problems and low sensitivity of older 
designs. 
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improving the 

intelligibility 
of 

communications 

receivers 
The sound reproduction clarity of com 
munications receivers can be improved 
significantly by simply improving the 
speaker enc/osure. Common utility speak-
ers are poor performers at best and can be 
improved (or impaired) by the baffles 
they are mounted in. Much of the acous-
tic distortion is caused by either speaker 
resonance, cabinet resonance, cabinet re-
flections, back waves or poor frequency 
response, and these can be easily cor-
rected with a good enclosure. We have all 
become accustomed to the sound of a 
small speaker in a metal cabinet or the 
boomy sound of a large speaker in a box 
just big enough for it, but these systems 
leave a lot to be desired. 

Sound reproduction can be improved 
by using a small high-fidelity speaker or 
hi-fi headphones. The small hi-fi speakers 
I use on ssb and cw have resulted in a big 
improvement in communications effec-
tiveness. 
how to do it 

Use a small round or oval speaker, 
5-inch or 5x3-inch, mounted in a wooden 
box made from %-inch pine or plywood. 
The box can be just big enough to 
contain the speaker with 2 or 3 inches of 
depth. Use 1/8- or 1/4-inch Masonite or 
plywood for the front panel. Cut the 
speaker opening out completely—don't 
Reprinted with permission from the "Collector 
and Emitter," club publication of the Aero-
nautical Center Amateur Radio Club, Okla-
homa City. 
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drill a few small holes in a cute pattern 
and hope for the best. Cover the front 
panel with screen, an open grill with very 
small reflecting surfaces or plastic grill 
cloth designed for hi-fi speaker systems. 

Mount the speakers and grill so there is 
no vibration of loose parts. Then fasten 
thick sound-absorbent material such as 
felt or foam rubber on the inside surfaces 
of the box. When the speaker enclosure is 
completed, put it near the operating 
position, preferably with the center axis 
of the cone directed toward your head. If 
your receiver has an internal speaker it 
should be disconnected. 

how it works 
The thick wood of the enclosure re-

duces cabinet vibrations, and the unre-
stricted speaker opening practically elimi-
nates reflections between the cone and 
grill. The absorbent material helps to 
damp speaker response and reduces re-
flections between the inside walls, result-
ing in smoother frequency response. The 
small speaker and small box reduce low-
frequency response; boominess is reduced 
by the cancellation effect of the back-
wave. 

With the speaker placed close to the 
operating position the volume control can 
be turned down. This reduces undesirable 
sound reflections from nearby objects 
and reduces distortion caused by any 
non-linearity in the speaker mechanism. 
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quod-antenna 
design 

parameters 
The extensive use of parasitic antennas 
over the past thirty years or so has 
resulted in much published data. Design 
information is available that allows the 
amateur to easily construct two- or 
three-element monoband parasitic anten-
nas with little or no experimenting or 
tuning, except perhaps for feed-point 
matching. 

The quad antenna, which is a special 
type of parasitic array, unfortunately has 
been neglected as far as detailed design 
information is concerned. However, when 
it is recognized that the quad exhibits the 
characteristics of conventional parasitic 
arrays except for differences in element 
length caused by the folded wire ele-
ments, quad design is very similar to that 
of conventional parasitic arrays and is not 
particularly mysterious. 

This article presents a design approach 
that allows construction of a quad anten-
na with no special element tuning or 
fussing with element lengths, tuning 
stubs, or loading coils. 

characteristics 
Before proceeding with details of the 

quad design approach, it is well to discuss 
some facts regarding the quad and dispel 
some misunderstandings. 

forward gain. Quad antenna gain has been 
underrated in some of the literature. If a 
quad loop is considered as one element, 
its gain can be shown to match or exceed 
that of a monoband Vagi on an element-
for-element basis. 

front-to-back ratio. The quad really 
shines here. Its front-to-back ratio will 
exceed that of a Yagi with the same 
design criteria by up to 10 dB (based on 
element spacing, element length, and re-
lated factors). 
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vertical radiation angle. The vertical radia-
tion angle for any horizontally polarized 
antenna is a function of its height. There-
fore, any half-wave dipole, Yagi, or quad 
will have the same vertical radiation angle 
if they are all at the same height above 
ground. The quad's performance as an 
excellent band opener and closer is due to 
its directivity characteristics, not to its 
vertical radiation angle. 

element interlacing. The minimal mechan-
ical and electrical complications of ac-
commodating three bands on one antenna 
structure with no apparent loss in effi-
ciency is a definite advantage of the quad. 

bandwidth. The bandwidth of an antenna 
can be based on (a) the frequency range 
beyond which the feedpoint vswr exceeds 
a specified value, usually 1.7 to 1; (b) the 
bandwidth over which front-to-back ratio 
or gain does not drop below a certain 
value; or (c) the point at which either the 
director or reflector closely approaches 
resonance. Because the director and re 
flector are electrically close to the 
driven-element length (much more so 
than with a tubing Yagi), the point at 
which the director or reflector ap-
proaches resonance will govern the band-
width of a quad designed for optimum 
performance. 

rain static. Compared with the Yagi, the 
quad is relatively immune to rain or snow 
static. 

cost. Prices of aluminum tubing in the 
United States are low compared with 
most countries. In addition, a large vari-
ance exists in prices of aluminum bought 
from surplus sources versus those of new 
aluminum bought from metal suppliers. 
The price of a home-constructed Yagi 
therefore depends on how good a shop-
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ping job is done. It is usually found that a 
well-built, home-constructed quad with 
fiberglass cross arms will cost more than a 
monoband Yagi. This is also true of 
purchased quads. However, quads will 
tolerate a lighter rotator and tower than a 
comparable Yagi because of the quad's 
lighter weight. Therefore, the quad is 
usually a less expensive total antenna 
system. 

A word of caution: aluminum cross 
arms are not satisfactory for a quad, since 
they degrade antenna performance and 
absolutely ruin front-to-back ratio. Break-
ing up the aluminum cross arms with 
insulators helps, but this is difficult to 
implement. 

with two or three loops of safety wire to 
anchor the wire to the quad arm, as 
shown in fig. 1.* Start with the element 
too long, with a slight droop and a 
temporary splice at the bottom. Note 
that quad parasitic elements not using 
stubs or loading coils are a continuous 
wire loop. The element length can be 
adjusted for resonance, maximum gain, or 
front-to-back ratio. Once the proper 
length is obtained, the loop splice can be 
permanently soldered, coated with sili-
cone grease, and the loop run outboard 
(but equally spaced) to tighten the loop 
into a perfect square. Another method is 
to drill a hole in the arm several inches 
outboard from where the element would 

fig. 1. T w o methods of 
securing quad elements 
to cross arms. 

SAFETY WIRE ELEMENT 
(WRAP 2 OR 3 TIMES 
AROUND CROSS ARMI 

CABLE CLAMP 

, CROSS ARM 

LOOP MADE OF_, 
NO 14 WIRE 

stubs and loading coils 
Since the quad is a closed loop, adjust-

ment of element lengths is difficult. 
Adjustment of element lengths is usually 
done with tuning stubs or loading coils. 
Stubs are unsightly, and the problem 
always arises of how to anchor them so 
they don't move in a wind. Both stubs 
and loading coils destroy the electrical 
symmetry of a quad loop. All in all, stubs 
and loading coils are best avoided. 

Alternatives are to (a) use element 
lengths established by criteria such as 
those in the following paragraphs and not 
attempt to tune the quad elements, or <b) 
select the optimum element-loop length 
on a trial basis. 

element length adjustment 
There are two ways to adjust element-

loop length. Instead of drilling holes in 
the bamboo or fiberglass arms, small 
nylon or metal cable clamps can be used, 

normally be anchored. Then use a wire 
loop to hold the quad loop in place. Slack 
in the quad loop created by element 
adjustment can be accommodated by the 
small loop. 

boom length 
Factors that govern boom length for a 

Yagi apply also to a quad. Most quads are 
built with a boom too short to realize 
maximum performance on 20 meters, 
which is a highly competitive band. To 
achieve a good balance between practic-
ality and performance, a 20-meter quad 
should have a boom length as follows: 

Two-elements 10 feet 
Three-elements 18 to 20 feet 
Four-elements 24 feet 

As with a Yagi, placing more than one 

*The safety wire should be copper to avoid 
galvanic action, which results in corrosion, 
editor 
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table 1. Element dimensions for a quad with a 14-foot boom. 

20 meters 15 meters 10 meters 

reflector 2.8% long 2.1% long 2.1% long 
{1.028>(70.7)= 72.68 ft <1.021 )(47.25) = 48.24 ft (1.021)(3S. 1) = 35.84 ft 

driven element = 70.7 ft 
1004. 
21.25" 

47.25 ft 1004 
28.6 

35.10 ft 

director 1.4% short 1.2% short 2.1% short 
( .986)(70.7)= $9.71 ft ( .988)(47.25) = 46.68 ft (,979)(35.1 )= 34.36 ft 

director on a 20-foot boom just doesn't 
give a satisfactory return for the effort on 
20 meters. Definite advantages can be 
obtained with quads that have more 
elements on 10 and 15 than on 20. For 
example, an effective quad is one with a 
20-foot boom having three elements on 
20 and four on 10 and 15 meters. 

boom (ess quads 
Three-band, two-element quads using 

no boom and the same element spacing 
on 20, 15 and 10 meters have only one 
real advantage over conventional quads: 
all can have the same feed-point imped-
ance. A conventional quad has its widest 
element spacing on 10 meters, which 
helps to broadband the antenna on this 
band. 

design graph 
I developed the graph shown in fig. 2 

expressly for high-frequency quad arrays. 
Using the graph and the approach shown 
in the following design example, a quad 
can be built with no stubs, loading coils, 
or tuning. For those who wish to avoid 
the math involved in the design example, 
table 1 was developed from fig. 2 for 
popular quads that can be purchased or 
homebuilt. 

Design graphs similar to that in fig. 2 
have been published for Yagis. Because of 
its wire elements and the fact that the 
loop is, in effect, two half-wave dipoles 
folded at the ends and stacked a quarter 
wavelength, the quad has characteristics 
that make its element dimensions much 
different from those of a tubing Yagi 
array. These factors, plus others, were 
considered in the analysis used to develop 

fig. 2, which expressly applies to a quad 
designed for 20, 15, and 10 meters. 

design example 
As an example of using fig. 2, suppose 

it is desired to design a three-element 
quad for 20, 15, and 10 meters on a 
14-foot boom with 6-foot director spac-
ing and 8-foot reflector spacing. The 
desired center frequencies are 14.2, 
21.25, and 28.6 MHz. Proceed as follows: 

1. Establish percentages for the de-
sired band excursion within which the 
antenna must be effective. To cover 20 
meters, the excursion from 14.2 to 
14.0 MHz is 200/14.2 = 1.41 percent, 
and the excursion from 14.2 to 14.35 
MHz is 150/14.2 = 1.056 percent. For 
15 meters, the excursion is 1.175 
percent to reach 21.45 MHz, with a 
21.25-MHz center frequency. 

Ten meters represents a problem 
requiring a compromise. To cover the 
entire band, the excursion is 2.1 per-
cent to reach 28.0 MHz and 3.84 
percent to reach 29.7 MHz. The para-
sitic elements must be so far from 
optimum to avoid resonance that per-
formance is severely compromised. A 
good alternative is to settle for ±2.1 
percent, or 28.0 to 29.12 MHz. The 
phone man may elect to choose 29.1 
MHz as center frequency for 10 me-
ters. 

2. Establish element spacings in wave-
lengths for each band using the for-
mula: 

Element spacing is X = xf/984, 
where x is the element spacing in feet 
and f is the design-center frequency in 
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MHz. Using the formula, element 
spacirrgs are: 

band director reflector 
(6 ft) (8 ft) 

20 meters 0.086 0.115 
15 meters 0.13 0.172 
10 meters 0.175 0.234 

3. Identify element spacing (fig. 2). 

applicable to a four-element quad on a 
20-foot boom. Make the first and second 
directors the same length. 

tuning 
The above design approach should not 

be considered an absolute cure-all that 
eliminates benefits from tuning the array. 

4. Select parasitic-element length as a 
percentage of driven-element length, 
bearing in mind the reactance excur-
sion of the element across the band. 
Note that a reflector spaced 0.1 wave-
length from the driven element should 
be 2.8 percent longer than the driven 
element. A director spaced 0.15 wave-
length from the driven element should 
be 1.4 percent shorter than the driven 
element. Shown in fig. 2 are the 
choices i made using this technique 
(circled values). 

It's not always possible to choose 
optimum element lengths at the design 
center frequency and avoid parasitic-
element resonance at the band edges. 
In this regard, it's sometimes better to 
provide wider spacing for the director 
than for the reflector. 

5. Calculate element dimensions. T h e 

driven element length equals 1004/f in 
MHz. This is 70.7 feet for 20, 47.25 
feet for 15, and 35.1 feet for 10 
meters. The reflector for 20 meters 
should be 2.8 percent longer than the 
driven element, or (1.028) (70.7) = 
72.6 feet. The reflector for 15 meters 
should be 2.1 percent longer than the 
driven element, or (1.021) (47.25) = 
48.24 feet. Calculation of each element 
results in the data listed in table 1. 

When the element lengths are estab-
lished using the above approach or by 
direct use of table 1, all that remains is to 
construct the array and decide on the 
feed method. The data in table 1 are 
applicable to a two-element quad with 
8-foot reflector spacing by simply ig-
noring the director data. The data are 

-i 
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fig. 2. Optimum director and reflector 
lengths as a percentage of driven-element 
length as a function of element spacing. 

However, few have the talent, equipment, 
facilities, or perhaps patience to properly 
tune an array, particularly one with three 
or more elements. For these amateurs, 
the "no tuning approach" will be most 
useful, and those who wish to tune by 
experimenting with loop length will find 
that this article defines an excellent start-
ing point. If you wish to tune the quad, 
using the preceding design data as a 
starting point, some comments are in 
order. 
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The curves in fig. 3 are recommended 
element dimensions. At design center 
frequency, maximum gain will usually be 
found with a dimension closer to the 
driven element length than that shown in 
fig. 3. Correspondingly, maximum front-
to-back ratio will usually be found with a 
dimension shorter for a director and 
longer for the reflector than shown in fig. 
3. The design must be compromised to 
achieve best overall performance consis-

292 

01 0.2 
ELEMENT SPACING (WAVELENGTH) 

fig. 3. Plot showing the use of fig. 2 in 
establishing quad element lengths for the 
design example discussed in the text. 

tent with gain, front-to-back ratio, and 
bandwidth. 

Tuning for maximum gain at the de-
sign center frequency will usually cause 
narrowband response. If the array is 
tuned for maximum forward gain, check 
the response at the band edges to get the 
best overall gain across the band. As an 
example of how dangerous forward-gain 
tuning can be, a director spaced 0.1 
wavelength from the driven element will 
theoretically give maximum gain when it 

table 2. Typical quad antenna feed methods. 
antenna quarter-wave main 

matching transformer feedline 

2-element quad 
to none (direct feed) RG-63/U 
10 two pieces RG-63/U 

in parallel (electrical RG-8/U 
length V* X ea) RG-58/U 

15 none (direct feed) RG-59/U 
RG-11/U 
RG-62/U 

15 one piece RG-11/U or RG-8/U 
RG-59/U (electrical length RG-58/U 
V* X) 

20 none (direct feed) RG-8/U 
RG-58/U 

3-element quad 
10 none (direct feed) RG-11/U 

RG-59/U 
I S none (direct feed) RG-1 1/U 

RG-59/U 
RG-8/U 
RG-58/U 

20 none (direct feed) RG-8/U 
RG-58/U 

4-element quad 
10 
15 none (direct feed) RG-8/U 
20 RG-58/U 

is the same length as the driven element, 
and a reflector spaced 0.25 wavelength 
from the driven element will theoretically 
give maximum gain when it is the same 
length as the driven element! Such con-
ditions are obviously bad, because a small 
frequency excursion can convert the di-
rector to a reflector, or vice versa. If you 
tune for forward gain, try for good 
response across the whole band, or at 
least over the band segment of interest. 

Tuning for front-to-back ratio is safer 
and usually much more effective. Such 
tuning is, however, very touchy. Because 
of nearby objects it can be frustrating and 
sometimes leads to inconsistent results. 

Don't attempt to tune an array unless 
the services of a nearby amateur are 
available, or you can locate a temporary 
transmitter site several wavelengths and 
preferably at least a mile from the array. 
Use the nearby amateur or your remote 
site for transmitting, and use a receiver 
with an s-meter or field-strength meter at 
the site of the array being tuned. 
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feed-point matching 
Several techniques for feeding the 

quad can be used. I prefer the gamma 
match with separate feed lines, but any of 
the following methods are effective. 

The simplest method is to connect all 
three driven elements together, using a 
single insulator across the 15-meter driven 
element. The system can be fed with a 
single 52-ohm line. This is an effective 
feed method despite published statements 
to the contrary. Measurements with an 
impedance bridge have shown a good 
match on all three bands. 

A second approach is to use one of the 
methods in table 2. These are also effec-
tive, as proved by countless users. Some 
mismatch will occur, however. 

the gamma match 
The preferred matching system for 

quad antennas is the gamma match. It's 
simple, easy to use, and reliable. Refer-
ring to fig, 4, the gamma match is 
implemented and tuned as follows: 

1. The coax cable shield connects to 
the exact center of the driven element. 
No center insulator is used. 

2. Capacitor C is housed in a plastic 
box. A drain hole should be drilled in 
the bottom. The box should be sealed 
with cement. It can be secured to the 
driven element with a clamp. 

3. The matching stub is made of the 
same wire as the quad element, usually 
no. 14 copper wire. Spacers can be 
pieces of polystyrene or any good 
plastic rod. 

4. The values of capacitor C and 
dimension A are as follows: 

band capacitor C dimension A 

<pF) {inches) 
10 50 12 ±6 
15 100 15 ±8 
20 140 25 ±10 

(fig. 4B). Adjust dimension A and vary 
capacitor C for minimum standing-
wave ratio. 

conclusion 
In the final analysis, antenna selection 

should be based on many factors, includ-
ing the antenna's adaptability to your 
location and operating habits. There is no 
"miracle antenna." The size of a well-
designed antenna is a good guage of its 
expected performance. In general, if you 

5. Tune as follows: connect a Moni-
match or similar instrument, driven by 
your exciter, to the antenna feed point 

SHOUT PIECE OF COAX 

o 
f ig. 4 . T h e gamma match, and typi-
cal instrumentat ion f o r t u n i n g . 

desire to operate on 20, 15, and 10 
meters with high performance on all three 
bands, the quad definitely qualifies as a 
front runner. If, however, you wish to 
operate exclusively on one band, the 
monoband Yagi is probably first choice. 
Trap-element Yagis are in a class by 
themselves, and although they certainly 
have their place, their efficiency isn't as 
high as the quad or monoband Yagi. 
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The many articles on integrated circuits 
published during the past few years have 
helped these little plastic bugs gain wide 
acceptance by those who like to build 
their own equipment. The construction 
projects that didn't specify printed circuit 
boards usually turned out to be quite 
difficult because of the wiring required 
on the closely spaced pins of the ICs. IC 
sockets are really no help except when 
frequent replacement is necessary; be-
sides, they're an added expense. 

Let's face it—the PC board route is the 
only way to go when working with ICs. 
They are designed for PC board mount-
ing, and any other mounting method just 
doesn't result in a neat, professional 
appearance. Of course, IC projects have 
been published specifying PC board con-
struction. The only trouble here is that 
the circuits are restricted to the function 
for which they were originally designed. 

modular modulos 
With these limitations in mind, I'd like 

to present what I call "modular mod-
ulos." The word "modular" is familiar to 
most readers, but "modulo" may not be, 
so a word of explanation is in order. 

A modulo, or mod, is a circuit that 
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fig. 1. Modulo circuits. Each circuit mounts on a daughter board, ten of which can be mounted on a 
mother board for a mix of counter functions. DB corresponds to "divide by;" the DB-3 circuit 
divides by 3-

courits; or as some prefer, divides. A mod 
is designated by how many counts occur 
before an output is produced. A mod 7, 
for example, wil l count to 6 and the 
output wil l remain unchanged. When the 
7th input occurs, the output wil l change 
to indicate that the count is complete. 

The resistor-transistor logic (RTL) ICs 
used here are edge-triggered by a sharp 
negative transition from logical 1 (ap-
proximately Vcc) to logical 0 (approxi-
mately ground). During a count cycle the 
modulo output wil l go from logical 0 (its 
reset condition) to logical 1. 

The part of the count at which this 
action occurs wil l vary between modulos; 
that is, mod 5 wil I go high at some point in 

the cou nt different from, say, mod 10. The 
transition from 0 to 1 wil l have no effect 
on following counters. However, when 
the count is complete and the output 
goes from 1 to 0, the following counter 
wil l be triggered. 

This output on a scope will appear as a 
train of square waves. If an accurate 
frequency source were connected to a 
number of modulos wired in tandem, a 
division of this frequency wil l give accu-
rate submultiples from which time pulses 
can be obtained. These can be used to 
calibrate receivers, oscilloscope time 
bases, etc. The modulos described here 
were used for this purpose in the frequen-
cy and time standard shown in the photo. 
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The transistorized oscillator used iri the 
standard is extremely stable. It should be 
remembered that no matter how many 
frequency divisions are made, the output 
is only as accurate as the input. 

These modulos can also be used as a 
basis for a TV synch generator count-
down chain (ATV'ers please note), or to 
obtain the gating pulses in a frequency 
counter. By dividing the 60-Hz power-line 
frequency by 60, 1-Hz pulses can be 
obtained for an electronic clock. Other 
uses wil l undoubtedly come to mind for 
these versatile circuits. 

construction 
Each circuit (fig. 1) is mounted on a 

small PC board. These boards, called 
daughter boards, mount on a mother 
board (fig. 2) by Varicon connectors 

-raw -no-
IC1 

PRC 1 

n g - ^ © 

-E33-
HA 1 

l j umpfhs tmi v our fur 5 

MB IP 

ST 1 

DB-

MS l 

fig. 2. Top of PC boards showing parts layout. 
Dashed jumper on DB board is required only 
for DB7 and DB9 circuits. 
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table 1. Loading factors for integrated circuits 
used in the counters and associated circuits. 

board in out clear IC1 IC2 

OB-2 2 S t MC726P — 

DB-3 4 4 2 MC791P — 

DB-4 2 5 2 MC791P — 

DB-5 4 4 3 MC791P MC791P 
DB-S 6 5 3 MC726P MC790P 
DB-7 4 5 3 MC790P MC726P 
DB-8 2 5 3 MC726P MC790P 
DB-9 4 5 4 MC791P MC790P 
DB-10 2 S 4 MC791P MC790P 
ST-1 - 5 - MC724P — 

PRC-1 - 25 - MC799P — 

NIB-1 2 25 MC799P — 

connectors first using the plastic strip to 
hold the connectors in alignment until 
soldered in place. After soldering, the 
plastic can be broken away. 

The mother boards are shown in two 
styles, and both will hold up to ten 

Mother board can be cut to shorter 
length if ten daughter boards aren't 
needed. Shown below is the pre-clear 
(left) and harmonic amplif ier mod-
ules. 

made by Elco. The daughter-board con-
nector is no. 02-030-013-5200 and mates 
to the mother board with connector no. 
02 030-113-6200. Thirty connectors are 
mounted on a plastic strip. They should 
be broken into segments of five connec-
tors each. The PC etched board layout is 
shown in fig. 3; however, if it isn't 
convenient to etch your own boards, they 
may be purchased.* In any event, the use 
of a small-tipped, twenty-five-watt iron is 
recommended. It's best to mount the 

The two styles of mother boards. The 
plug-in type is used in the frequency 
and time standard. The other (below) 
can be mounted on a small chassis 
with outputs brought out to banana 
jacks. 

daughter boards. One mother board can 
be mounted on a chassis with stand-off 
insulators over a cutout. The other plugs 
into a socket, such as an Amphenol 
143-022-01. This socket, as well as the 
Elco Varicons, can be purchased from 
Allied Radio in Chicago. 

The output side of the daughter 
boards feeds the input to the next stage. 
The output connectors appear on a sepa-
rate pad on the board as well. Leads can 
be connected to these points to give 
different ratios of division throughout the 
chain if desired. The plug-in-style mother 
board must have these points jumpered so 
they appear at thfr main connector. See 

"Available f rom RMV Electronics, P. O. Box 
283, Wood Dale, III. 60191. Daughter boards 
are $1.25 each postpaid in quantities of 1 to 5; 
$1.10 each in quantities of 6 and up. Mother 
boards are $2.00 each postpaid. Al l boards are 
tinned, dri l led, and ready for components. 
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fig. 2 for the location of these jumpers. 

rules for use 
The most important thing to observe is 

the loading factor, table 1. Do not let the 
input loading factor exceed the output 
loading factor (fan-out) of the preceding 
stage. A higher output loading factor than 
is needed is permissible. If the required 
input is greater than that available, use a 
buffer stage (NIB 1). Since the flip-flops 
are edge-triggered by a sharp drop from 
logical 1 to logical 0, frequencies below 
approximately 100 kHz must be squared-
up with a Schmitt trigger (ST 1). This 
circuit can be used to the subaudible 
range: 7 Hz or less. If a high-harmonic 
output is desired (as in a frequency 
standard) the harmonic amplifier (HA 1) 
is recommended. 

It is desirable to clear all stages before 
starting to count. This is done by first 
applying Vcc (3.6V) to the pre-clear line 

Frequency and time stand-
ard using modular mod-
ulos. 

and then grounding this line when count-
ing. This can be done manually or by the 
PRC 1 board, which will pre-clear the 
stages automatically as power is applied 
to the mother board. The voltage re-
quired by these circuits is 3.6 volts dc. A 
well-regulated and filter supply will pro-
vide the best service. 

ham radio 

\ 

NEW 
TRI-EX'S 

MW 
o c n i c Q 

Pound for pound the 
strongest self-supporting 
steel towers available. 

The new economy MW 
Series towers are designed 
to support up to 91/2 sq. ft. 
of antenna area. Featuring 
Tri-Ex's extra strong tor-
sional twist resistant "W" 
bracing, the all steel MW 
crank-up towers come in 
three sizes, each fully gal-
vanized for carefree main-
tenance. Models available, 
by height, are: MW-35', MW-
50', and MW-65'. Nested 
height is between 21' and 
22'. Hinged base and wall 
bracket included with MW 
tower order! See your local 
dealer or write for free cata-
log today. Prices start as 
low as: 

$157.35 

TOWER CORPORATION 
SMUSSEN AVE., VISALIA, CALIF. 93277 
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perking up your HW-17A 

The Heath HW-17A certainly can qualify 
as one of the more popular 2-meter 
transceivers, judging from the many in 
use on this band. However, as with most 
equipment of this type, it's always pos-
sible to improve on the original design as 
new devices become available after the 
fact. 

The broadband preamplifier described 
in this article will improve sensitivity, 
increase rejection of fm and tv images, 
and provide better age action in the 
HW-17A. Improvement in age is not to be 
passed over Lightly, because it makes the 
S-meter much more useful and compen-
sates for some of the loss in the auto-
matic noise limiter circuit. An additional 
feature of the preamp modification is 
that no new holes need be drilled to 
accommodate the circuit. 

Also included are changes to improve 
transmitter modulation and increase mod-
ulator bass response. 

preamp circuit 
Nothing exotic or unproven is in-

cluded in the preamplifier circuit (fig. 1). 
This circuit (with a 3N140 mosfet) was 
used by many 2-meter enthusiasts in a 

converter described in an earlier issue of 
ham radio.1 Although not shown in the 
schematic, the 40673 has internal protec-
tion for the gates. This eliminates the 
need for external diodes, which are found 
in many semiconductor front-end circuits 
to eliminate static burnout. 

preamp construction 
A physical layout compatible with the 

HW-17A is shown in fig. 3. A thin copper 
U-bracket chassis bolts to PC board 
85-205 in the HW-17A with a single 
machine screw, which is also used to 
secure the tuner to this board. All resis-
tors are mounted on the opposite side of 
the bracket. Feedthrough capacitors are 
used for bypassing. 

modulation improvements 
Not all HW-17A transceivers are fully 

modulated, despite several circuit modifi-
cations incorporated by the manufac-
turer. One change was very helpful in 
my case, although it did decrease my 
power output slightly. By increasing the 
value of the screen resistor in the final 
amplifier, input power is decreased, 
which allows higher modulation percent-
age and improved upward modulation. 
The exact value of the resistor is best 
determined by observing the signal on an 
oscilloscope. My experience indicated 

RCA 40673 

EXISTING 
CAPKtTOR 

FROM m 3mrcn 

O TO ANTENNA 
terminal 
ON TUNER 

560 
AAA, 0 + /5V 

«23S+) 

fig. 1. Low-noise preamplifier using a tetrode mosfet for improving the Heath HW-17A receiver 
front-end response. 
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that resistor R115 should be increased to 
27k. 

modulator bass response 
A final touch to improve the bass 

response of the HW-17A modulator will 
bring compliments on your audio quality. 
The emitter of G11, a 2N3391, should be 

fig. 2. Addit ional 
components for im-
proving the H W - 1 7 A 
modulator bass re-
sponse. 

bypassed with a capacitor larger than the 
2-/iF unit in the original circuit. Unfor-
tunately, the stage will motorboat with 
direct bypassing. My solution was to use a 
56-ohm resistor in series with a 2 0 / j F 

capacitor, as shown in fig. 3. 

conclusion 
The simple changes described above 

will more than repay you in increased 
performance and operating pleasure for 
the time and effort involved. When I 
made these modifications I was able to 
realize the best features of this fine 
transceiver. Now when DX is there, I 
work it! 

reference 

1. D. Nelson, WB2EGZ, "High-Performance 
Mosfet Converter—the Two-Meter Winner," 
ham radio, August, 1968, pp. 22-29. 

Don Nelson, WB2EGZ 

fig. 3. Suggested parts layout 

tor the preamp. S imple U-
shaped copper chassis bolts to 

an existing pc board in the 

HW-17A. 

removing IC's 
I was accumulating parts for a project 

using ICs and needed a couple of J K 
flip-flops. I had some in my junk box, but 
the little rascals were firmly embedded in 
one of those bargain PC boards obtained 
from a surplus outlet. The board had 
been wave-soldered, which means the 
parts were there to stay put. 

I didn't have a vacuum desoldering 
tool handy, so I used a trick known as 
wicking. I flattened a short piece of shield 
braid and held it against the pins of the 
IC. Applying the soldering iron to the 
braid causes it to absorb the solder, and 
the IC comes out easily. Everything must 
be clean: soldering iron, braid, and PC 
board. 

A vacuum desoldering tool is best if 
you have to remove many parts, but the 
wicking method is okay for one or two 
devices. I made a vacuum desoldering tool 
out of an old ear syringe, but it's slow 
and the tube tends to clog with solder. 
The best device is a spring-loaded tool 
designed for this purpose. 

Alf Wilson, W6NIF 

two-meter converter 
The converter shown in fig. 4 receives 

on two frequencies. I use it with an auto 
radio to receive my vhf club stations on 
145.35 MHz and an fm repeater on 
146.94 MHz. 

Most of the parts were salvaged from 
uhf television converters and transis-
torized be receivers. Crystal frequencies 
were chosen to put the converter output 
into a clear spot in the broadcast band. 

r f S h 

*15 V 

| MOUNTING SCREW 

,1. 
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L I 

L2 

U3 

RFC 

3 turns no. 22 
enameled on Vi" form 

16 turns no. 24 
enameled on V*" form 

Oscillator coil from 
transistor broadcast 
radio 

25 turns no. 
enameled on R1 

26 

fig. 4. Schematic for the two-
signal vhf converter. Most of 
the components were salvaged 
from transistor radio receivers. 
Transistors are available from 
Poly-Paks or may be salvaged 
from late-model tv converters. 

INPUT , , 

OUTFMT i f [/ 
t r — I F ^ 0 

construction 
The schematic is shown in fig. 4. The 

unit is built on a piece of circuit board 
and mounted in a small Bud box for 
complete shielding. The board should be 
insulated from the box if polarity is 
disregarded. (My box has a negative 
ground, so I didn't insulate the board.) 

The output coil, L3, is an oscillator 
coil from an old transistor be-band radio. 
The tap (fig. 4) was the emitter tap for 
the autodyne mixer. The unused winding 
was connected between the collector and 
i-f transformer. You may have to try 
different values of C1 to resonate your 
coil. 

The antenna coil, L1, tunes rather 
broadly. It should be peaked between the 
two desired signals. Spread or squeeze L1 
to make C2 tune to resonance. 

crystal selection 
The crystals are third overtone types. 

The oscillator may be operated on either 

side of the input signal. For the low side, 
the crystal frequency will be 

where 
f x = crystal frequency 
fs = signal frequency 
fj = intermidiate frequency 

To operate the oscillator on the high 
side of the input signal, merely add the 
signal frequency and intermediate fre-
quency, then divide by 3. 

I mounted a slide switch on the box to 
select the crystals. No signal feedthrough 
occurred since the converter and auto 
radio were well shielded. 

This converter operates on 9 volts. If 
you use it in your car, I'd suggest you 
bypass the B+ line with a 25- to 50-mF 
capacitor. A dropping resistor and zener 
should be used to reduce the car's pri-
mary voltage. 

W. G. Eslick, KOVQY 
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Dear HR: 
During a recent QSO with a well-

known amateur, the conversation turned 
to the quality and content of the general 
run of QSO's heard on the bands. What 
had started out to be just a casual contact 
turned into a lengthy discussion of the 
directions_ in which amateur radio is 
headed. 

It seems that, more and more the 
prevailing idea is to contact a fellow, 
exchange signal reports and equipment 
types, and then cut and run to the next 
one. This situation is aggravated by the 
almost continuous stream of contests 
sponsored by one group or another, the 
purpose of which seem to be the maxi-
mum number of contacts in the minimum 
length of time. 

I will be the first to acknowledge that 
amateur radio is a hobby open to all 
types and persuasions. Those whose main 
interest lies in the compilation of an 
impressive list of contacts and a wall full 
of certificates attesting to their ability in 
multiplication, are and should be free to 
pursue their aims. However, must we all 
be forced into this type of operation? 
Listen in any evening on the DX bands 
and count the number of genuine QSO's 
going on. 

Some amateurs, in self-defense, have 
grouped together into small regional 

groups and don't even attempt, nor in 
some cases welcome, outside contact. The 
foreign amateurs seem to be getting more 
reluctant to answer calls, and I suspect it 
is for precisely this reason. 

If we wish to retain our bands, perhaps 
it is not too early to examine the pur-
poses for which they were granted in the 
first place and the utilization that is being 
practiced today. A QSL card used to be 
something a fellow sent to another sta-
tion to acknowledge a pleasant contact, 
not something to confirm a statistic. 

Perhaps we need to call The Old Man 
back from his well-earned rest to keep 
watch on us. His ever-ready Wouff-hong 
and threat of the Rettysnitch struck fear 
into the hearts of those who were guilty 
of "rotten" practices. 

This station is open anytime I'm on 
the air to contacts with others that want 
to talk about something more meaningful 
than, "ur RST 5NN eqpt hr Foghorn II 
tnx qso diddley-bump-de-bump." 

Jim Crouch, K4BRR 
Jacksonville, Florida 

mnemonics 
Dear HR: 

Here's a mnemonic for you which I 
learned from Dr, Nolde, my first Electric-
al Engineering Professor at Berkeley in 
1956. 

ELI the ICE man. 

ELI voltage leads {comes before current 
in an inductor 

ICE current leads voltage in a capacitor. 

Thanks for the article—§ can use some of 
the ideas with my students. 

Les Hamilton, PH.D., K6JVE/3 
Prince Georges, Maryland 
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antenna rotator 

Radio Shack's new antenna rotator, 
the Servo-Rotor, although designed pri-
marily for television antennas, will handle 
a three-element 20-meter beam according 
to the manufacturer. The Servo-Rotor 
uses a modern solid-state amplifier/ 
control circuit that compares actual an-
tenna direction with the heading at the 
control box, and corrects any errors. 
Pointing accuracy is claimed to be ±0.5%. 
Special clutch action overcomes the ef-
fects of ice and wind, and a built-in brake 
eliminates overshoot. Indicator lights 
show turning direction. Heavy-duty 
V-shaped clamps attach the rotator to 
masts from VA to 2-1/8 inches in diam-
eter. S39.95 from your local Radio Shack 
store. 

electronic keyers 

Curtis Electro Devices has announced 
two new integrated-circuit keyers that 
incorporate iambic-mode squeeze keying 
into the basic Electronic Fist. These new 
designs provide iambic-mode character 
generation (alternate dots and dashes) 
when both keyer levers are closed. The 
EK-39 Iambic Deluxe model includes dot 
memory, self-completing dots, dashes and 
spaces plus instant-start circuits that en-
sure easy and accurate character genera-
tion. The weight control, which is com-
pletely independent of the speed control 
can be used to lengthen characters ac-
cording to individual preference. 

A built-in monitor oscillator and 
speaker include an external volume con-
trol and internal pitch control. Provision 
is made for solid-state or relay switching. 
The unit will key grid-block rigs up 
to —150 volts at 50 mA with output 
transistor provided. A back-panel jack 
allows connection of a straight key. Three 
popular color combinations allow you to 
match your other station equipment. All 
cables and connectors are provided. 

The EK-39 is available as a kit for 
$87.95, or factory wired and tested for 
S97.95. The model EK-38, which has all 
the features of the EK-39 except the 
weight control, is $72.95 as a kit, $82.95 
wired and tested. A reed relay option is 
$4.00 additional. For more details, write 
to Curtis Electro Devices, Box 4090, 
Mountain View, California 94040. 
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active filter 

* ' F 

Kinetic Technology, Inc., has intro-
duced a new hybrid integrated-circuit 
active filter that features many interesting 
characteristics. The low-power FS-60 fil-
ters require only 0.3 mW of power at ±2 
volts, making it particularly suitable for 
battery-operated equipment. The filter 
works in the frequency range of dc to 10 
kHz and has multi-loop negative feedback 
for high stability. Q range is from 0.1 to 
500. The voltage gain of the unit is 
adjustable to 40 dB. Bandpass, high-pass 
and low-pass outputs are available simul-
taneously. The center frequency and Q 
can be tuned by adding external resistors. 

l i s t 
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UM-PASS 
OUTPUT 

-O 

r h 
-nzv i>iv I at 

Mojusr o| 
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h ADJUST 
FREQUENCY 

rrt BANDPASS 
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-O 
fig. t. Use a series resistor (100 to 1000 ohms) in 
the chosen output line to isolate the FS-60 
possible capacitive or inductive loads. Device will 
not drive less than 10k load without reduced 
output swing. 

A typical amateur application of the 
FS-60 is shown in fig. 1. This circuit 
tunes from 200 to 800 Hz and makes a 
good outboard CW filter. Practically all 
the active moonbouncers are using this 
type filter and report that they have 
nothing better. It's even been rumored 
that Sam Harris, W1FZJ/KP4, has his 
chained to the bench! In the near future 
we expect to have more applications 
information on this interesting new de-
vice in ham radio. 

Fo r complete specifications and 
pricing information, write to Kinetic 
Technology, Inc., 3393 De La Cruz Boul-
evard, Santa Clara, California 95051. 

general-coverage receiver 

Radio Shack has introduced a new 
solid-state general-coverage receiver that 
tunes the entire range from 535 kHz to 
30 MHz. The new DX-120 receiver fea-
tures an fet in the front end to minimize 
cross-modulation from strong local sta-
tions, but still provides good sensitivity 
for weak signals. Four color-coded tuning 
scales and a logging scale provide easy 
readability; fine tuning is performed with 
a separate handspread control. An S-
meter, variable bfo and automatic noise 
limiter are provided; a built-in regulated 
power supply stabilizes receiver power 
supply-voltage drift and battery aging. It 
can be plugged into your local 117 Vac 
line, or used with 12 Vdc battery power 
for portable operation. Front panel de-
sign is a modern black with brushed-alu-
minum trim; the wrap-around cabinet is 
steel. The DX-120 can be operated with 
it's own built-in speaker, or with external 
headphones. $69.95 from your local 
Radio Shack store. 
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1 

2" x 2" x 6" 
Use it for FM or CW final or as driver 

for HI POWER amplifier 
COMPARE THESE OUTSTANDING FEATURES: 

Cleanest Carrier you ever put out — No spuri-
ous emission with any combination of drive, 
load or power supply variation. 

Wide Band — no tuning required 140-150 MHz. 
Low Power Consumption — 12-14 V for 10 W 

Min Output with 30 MW drive. 
Ideal for Remote Location, or repeater/mobile use. • Hi reliability • Very compact • Low cost 

Furnished with complete use information 
and schematic 

Last month at this low Introductory 

PRICE; $59.95 
ready to hook-up and get out 

For more Info Call or Write — 
Jim W4MRI (30S) 844-1323 

DYNAMIC COMMUNICATIONS 
301 BROADWAY 

RIVIERA BEACH, FLA. 33404 

. . . T H E BEST 

2 METER 

144-146 MHz in. 28-30 MHz out 
or 146-148 MHz with a second crystal 

available for $4.95 extra 
A full description of this fantastic converter 
would fill this page, but you can take our word 
for it ( o r those of hundreds of satisfied users) 
thnt it's the best. The reason is simple — we use 
three RCA dual Rate MOSFETs, one bipolar, and 
3 diodes in the best circuit ever. Still not con-
vinced? Then send for our free catalog and get 
the full description, plus photos and even the 
schematic. 
Can't wait? Then send us a postal money order 
lor $39.95 and we'll rush the 407 out to vou. 
NOTE : The Model 407 is also available in any 
frequency combination up to 450 M H z (some at 
higner prices) as listed in our catalog. New York 
City and State residents add local sales tax. 

VANGUARD LABS 
Dept. R, 196-23 Jamaica Ave., Hollls, N.Y. 11423 

how to use test instruments 
in electronics servicing 

This new book by Fred Shunaman, 
former editor of Radio-Electronics is dif-
ferent from the usual books of this type. 
Instead of a series of "how-it-works" 
descriptions, this manual describes speci-
fic tests and troubleshooting techniques 
for the electronic experimenter. The first 
two chapters explain new ways to use an 
oscilloscope in tv troubleshooting, the 
next two chapters present tricks that can 
be done with vom's and vtvm's. Signal 
generators are covered in the next chap-
ter, and the text describes signal-injection 
troubleshooting, alignment techniques, 
and how to measure inductance and 
capacitance with a signal generator. 

Other chapters cover capacitor checks, 
test probes, tube and transistor checks, 
crt testers and rejuvenators, cathode-
cu r ren t measurements, field-strength 
measurements, signal tracing, impedance 
and frequency measurements, and main-
taining and calibrating test equipment. 
One whole chapter is devoted to color-tv 
test gear, revealing a number of important 
pointers (and pitfalls) facing the techni-
cian. 256 pages. $4.95 from your local 
electronics distributor, or write to TAB 
Books, Blue Ridge Summit, Pennsylvania 
17214. 

variable power supplies 

Blulyne Electronics Corporation has 
announced a new line of economical, 
continuously-variable low-voltage power 
supplies that are ideal for semiconductor 
work. The units feature excellent regula-
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tion and ripple characteristics, and are 
short-circuit proof. Single, dual and triple 
units are available. 

The single unit (PS-61C) provides ±15 
Vdc output with a load current of 700 
mA (usable up to 1 ampere over 10 Vdc). 
Regulation is 0.0005% Vdc per mA load 
current; ripple is less than 0.005 at full 
load. Price: 549.95. 

The double unit (PS-62C) is ideal for 
working with operational amplifiers and 
has the same electrical specifications as 
the PS-61C at each output. Price is 
$74.95. The triple unit (PS-63C) is three 
completely independent power supplies 
that may be used in any combination. 
Each output has the same electrical speci-
fication as the PS-61C. Price is $99.95. 

All power supplies are furnished in 
modern walnut-finished cabinets. The 
grounding plug, single-switch operation, 
chassis-ground terminals and isolation 
from the ac line provide complete safety. 
For more information, write to Blulyne 
Electronics Corporation, 3 Sand Springs 
Road, Will iamstown, Massachusetts 
01267. 

multi-antenna coupler 
The new multi-antenna coupler from 

Antennalabs is designed to couple several 
different antennas to a single transmission 
line. The coupler separates incoming sig-
nals according to frequency, and routes 
signals in each band to a separate termi-
nal. It can be used with any 52-ohm 
unbalanced load (72-ohm models availa-
ble), and may be located any convenient 
distance from the antenna since feedline 
length is not critical. The coupler is 
encapsulated in a durable weatherproof 
epoxy housing; power rating is 2000 
watts, insertion loss 0.5 dB maximum, 
isolation between terminals is 20 dB and 
vswr is less than 1.5:1 on all bands. 
Models are available for all amateur bands 
from 3.5 to 144 MHz. Prices range from 
$24.95 to $34.95 depending on frequen-
cy. For more information write to, 
Antennalabs, Post Office Box 458, Ocean 
Bluff, Massachusetts 02065. 

D E V I C E S 

% 
HAL 311BC 

ELECTRONIC 
KEYER 

THE most versatile keyer now available. 

Send for full details on the HAL 311 BC 
and the complete line of HAL electronic 
keyers. There is a model to fit your re-
quirement and budget from $16.00 to 
$48.50. 
Now available in kit form for even greater 
value. 

TOUCHCODER II KIT 
Complete kit of parts, excluding keyboard, 
for the W4UX CW code typer. 
All circuitry, including PS and monitor on 
one G10 glass PC board. 
Transistor grid block and cathode keying. 
Only $45.00. Write for full details. 

RYRYRYRYRYRYRYRYRYRYRYRYR 
HAL RTTY TU/AFSK KIT 

All T U and A F S K circuitry, including PS, 
on one 3x6 " G10 glass PC board. 
850,170, and CW ID shifts 
Zener protected transistor loop switch 
High and low impedance audio output 
$40.00 H A L TU/AFSK cabinet $5.00 
RYRYRYRYRYRYRYRYRYRYRYRYR 

HAL 25KHz MARKER GENERATOR 
50 KHz or 25 KHz markers to 144 MHz 
Small 1x2" G10 glass PC board 
Requires 100 KHz signal and 3 vdc 
$4.95 wired, $3.95 kit. Postpaid. 

DOUBLE BALANCED MODULATOR KIT 
For the D B M in March 1970 Ham Radio 
7/8x2" G10 glass PC board 
4 HP 2800 hot carrier diodes matchkl by 
HAL. 2 Indiana General CF102-Q1 
toroids. 
Instructions included. $5.50 postpaid. 

HM Carrier Dioda: HP2800 .SOI, 12/510.00 Matctwd by HAL . . . 4/S4.25 
IC-* IJJL900.914 8M I L !)23 9M 
MRTL MC790P. M C 8 0 0 P . . . . . . . . . . . S2.00, 1<W19,S0 

MC724P, MC7B9P. MC792P. MC725P $1.06, 10/S9.60 
Alio Available MC788P, MC880P, MC767P. MC9760P, 

OP AMP: SN7270IN (DIP) SI.76, 7/S10.00 
TOROIDS: Indiana General CF102-06, CF102-Q1, CF101-Q2. 60* 
CINCH IC sockets, 14-OIP, 8 ICS HAL DEVICES 

Write for our complete catalog. 
Remit with order; please add postage. 
HAL DEVICES Box 365H, Urbana, II 61801 
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pnp rf power transistors 

CQ de W2KUW 
WE NEED YOUR SURPLUS TUBES 

1P21 3CX2500 

2C39 3CX3000 

2K25 3CX5000 

2K48 3CX 10,000 

2K (any digits) 3E29 

3-400 3K (any digits) 
3-1000 4-65 

3B24 4-125/4D21 

3B28 

4-250/5D22 4CX3000A/8169 

4-400A/8438 4CX5000A/8170 

4-1000A/8166 4CX5000R/8170W 

4X150A 4CX10,000/8171 
4CX250B 4X150G/8172 

4CX250R/7580W 4PR60A or B 

4CX300 4PR (any digits) 

4CX350A/8321 5-125B/4E27A 

4CX1000A/8168 

5R4WGB 304TL 

6BL6 VA (all types) 

6BM6 or 6A 250TH 

6L6 450TH 

7D21 450TL 

8D21 QK (all types) 

9C21 715C 

9C25 802 

75TL 

805 891R 

807 TW (all types) 

810 TWT (all types) 

811A NL (all types) 

812A 4000 series 

813 5000 series 

832A 6000 series 

833A 7000 series 

891 8000 series 

Please send us your surplus inventory 
lists. We want to buy other tubes and 
TX — RX — test equipment. 

5 % Bonus over Best Offer 

The TED DAMES Co. 
308 HICKORY ST., ARLINGTON, N. J. 07032 

Phone: 201 998-4246 

8 0 g g a u g u s t 1970 
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Motorola Semiconductor has added 
four new transistors to their line of pnp rf 
power devices. With the addition of the 
new transistors, types MM4020 through 
MM4023, the line now covers the power 
range from 0.5 to 40 watts at 175 MHz. 
Each of the transistors features balanced-
emitter construction for maximum safe 
operating area, isothermal design for flat 
power output vs temperature, and low 
inductance stripline packaging. 

Balanced-emitter construction uses 
thin-film nichrome resistors in series with 
each of the multiple emitters to distribute 
power evenly throughout the semicon-
ductor chip. Isothermal design results in 
exceptional output power stability with 
changing operating temperature. This in-
sures even generation and flow of heat 
from the chip so that the power slump 
usually encountered in an rf power device 
operating near its maximum frequency is 
nearly absent. The stripline package pro-
vides minimum series lead inductance, 
and when combined with the inherently 
higher input impedance of pnp transis-
tors, simplifies the design of interstage 
matching circuits; it also results in higher 
gain-bandwidth products. 

At 175 MHz, the MM4020 provides 
3.5 watts output with 11.5-dB gain; the 
MM4021 provides 15 watts (7.0-dB gain), 
the MM4022 provides 25 watts (5.5-dB 
gain), and the MM4023 provides 40.0 
watts at 4.5-dB gain. For complete speci-
fications, write to Technical Information 
Center, Motorola Semiconductors Prod-
ucts, Inc., Box 20924, Phoenix, Arizona 
85036. 
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a second look fisk 
Microwave acoustics is a new technology 
that promises to revolutionize communi-
cations equipment design in the future. 
Recent laboratory experiments wi th mi-
crowave acoustics have resulted in ampli-
f ie rs , oscil lators, resonators, signal 
couplers and delay lines. Nor is this a 
scientific curiosity confined to the inner-
sanctum of the lab-Zeni th is working on 
a 40-MHz acoustic-wave bandpass filter to 
replace the tuned circuits in color tele-
vision sets. 

The word "microwave" has tradition-
ally been used to describe work in that 
part of the spectrum where wavelengths 
are defined in terms of centimeters. How-
ever, in "microwave acoustics" the term 
"micro" is associated with the micron 
wavelength of an acoustic wave on the 
surface of a crystal-at 30 MHz, for 
example, a 100-micron wavelength is pos-
sible because acoustic waves travel 
100,000 times slower than electro-mag-
netic radiation. 

A t the heart of all acoustic-wave de-
vices is the delay line shown below. It 
consists of a piezoelectric substrate, such 
as quartz, and input and output trans-
ducers. The input transducer is basically a 
transmitting antenna that converts the 
incoming electrical 'iyrial into an acoustic 
wave on the suitace of the substrate. 
When the acoustic wave reaches the oppo-
site end of the substrate it is converted 
back into an electrical signal by the 

Basic m i c r o w a v e - a c o u s t i c s de-

vices cons is ts o f p iezo-

e lec t r ic substrate a n d 

i n p u t and o u t - -

pu t trans-

ducers. . 

'< WHO 
PILZOLLI Crb'iC 

SU&^A^F 

output transducer. The wave propagates 
rather slowly across the surface of the 
substrate, and by changing the spacing 
between transducers signal delay can be 
controlled. 

Transducer design is extremely impor-
tant because mass and shape affect effi-
ciency, and size affects bandwidth. The 
interdigital structure shown in the draw-
ing consists of two separate arrays of 
metal electrodes which resemble inter-
laced fingers. By changing the number of 
fingers the bandwidth can be tailored to 
circuit requirements. Thus, the basic 
acoustic-wave delay line becomes a reso-
nator that may be used in place of tuned 
LC circuits. 

Engineers have recently come up with 
an acoustic-wave amplifier that uses a 
semiconductor structure spaced a short 
distance away from the substrate. Since 
the electric field associated with the 
propagation of the surface wave extends 
out of the surface of the substrate it 
interacts with the electrons in the semi-
conductor. If the dc supply voltage is 
low, the surface wave is attenuated be-
cause energy flows from it to the slower 
moving electrons in the semiconductor. 
However, as the supply voltage is in-
creased, the electrons speed up, and when 
their speed exceeds that of the surface 
wave, gain results. Laboratory-built am-
plifiers using this system have netted 
gains on the order of 30 dB. 

Although it will be some time before 
these new devices will be available for 
amateur use, they lend themselves to 
batch processing. And batch-processed 
components mean big savings after the 
design becomes standard—look at the 
proliferation of low-cost batch-processed 
ICs currently on the market. 

Jim Fisk, W1DTY 
editor 
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an integrated-circuit 

balanced modulator 

Although 

designed for 

balanced-modulator 

service, 

the Motorola MC1596G 

is readily adaptable 

to many 

other circuits 

for amateur use 
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Integrated circuits are being designed that 
can perform more and more of the circuit 
functions in amateur communications 
equipment. This article describes one of 
these new circuits, the Motorola 
MC1596G balanced modulator. Included 
are circuits showing the MC1596G as a 
balanced modulator and several other 
applications including an a-m modulator, 
a-m detector, a product detector, a mixer, 
and a frequency doubler. 

T h e M o t o r o l a M C I 5 9 6 integrated-
circuit balanced m o d u l a t o r contains 
8 transistors, 3 resistors and 1 
d iode. 
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The MC1596G is available now. How-
ever, a less-expensive version of the device 
with a slightly-lower carrier-suppression 
specification and a limited operating-
temperature range will be available soon 
under the type number MC1496G. The 
MC1496G will still provide very adequate 
performance for many amateur applica-
tions, and the circuits and information in 
this article apply to the MC1496G as 
well. 

M C I 5 9 6 performs this multiplication is 
beyond the scope of this article, and 
interested readers are referred to the 
references. However, to put the 
MC1596G to work it's helpful to have a 
basic knowledge of the output signal 
characteristics. Therefore, a brief discus-
sion of the multiplication process with 
two ac signals follows. 

Let's assume we have two sine-wave 
input signals called A and B at frequen-

CARRIER 
INPUT 

MODULATING 
SIGNAL 
INPUT 

I-! 9 

fig. 1. Internal circuit arrangement of the Motorola M C 1 5 9 6 G IC. 

description of the MC1596G 
Fig. 1 is a schematic of the MC1596G. 

It consists of a dual differential amplifier 
driven by a standard differential ampli-
fier. Transistors Q 1 through Q4 make up 
the dual (upper) differential amplifier, 
while transistors Q5 and Q6 form the 
standard (lower) differential amplifier. 
Transistors Q7 and Q 8 are constant-
current sources for the lower differential 
amplifier. 

The MC1596G has terminals for two 
input signals and one output signal. In 
operation, the circuit produces an output 
signal that is the product of the two input 
signals. A detailed discussion of how the 

cies f ^ and fg respectively. And suppose 
we have a device that multiplies signal A 
times signal B and produces a third signal, 
C, which is the product of A and B. A 
device that performs this task is the 
MC1596G, and signal C will then have the 
following characteristics: 

1. The amplitude of signal C will be 
the product of the amplitudes of 
signals A and B. 

2. Signal C will contain two (and 
only two) frequency components, 
(fA + f B ) and ( f A - fB>-

Note there is no output at either of 
the input signal frequencies, f A and fg. 
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An example may be helpful at this 
point. Suppose we apply two input sig-
nals, one at a frequency of 1 MHz and the 
second at 4 MHz. The output signal wi l l 
then contain frequency components at 3 
and 5 MHz. In other words the ou tpu t 
wi l l be two separate, single-frequency 
sine-wave signals, one at 3 and one at 5 
MHz. There wi l l be no output at 1 and 4 
MHz. 

The signal amplitudes need a l i t t le 

input to output are the magnitude of the 
resistance between pins 2 and 3 and the 
dc-bias currents. For all applications 
shown here, a bias current of 1 m A in 
each transistor of the lower differential 
amplif ier, Q5 and Q6, has been used. This 
is generally recommended for most appli-
cations. 

The resistance between pins 2 and 3 
can be readily tailored to the needs of a 
particular circuit. Increasing this resis-

fig. 2 . Balanced modulator circuit. For use as an a-m modulator , merely change the t w o 10k resistors 
to 750 ohms. T h e pot can be adjusted for carrier null (ssb) or carrier insertion (a-m). 

further clarif ication at this point. The 
MC1596G has no built- in output load 
resistors; they must be added externally 
to develop an output-signal voltage f rom 
the output current. The magnitude of this 
output-vol tage depends on the value of 
these outboard load resistors. Therefore, 
varying the load resistors wi l l change the 
gain of the MC1596G. This means that 
the output signal wi l l be the product of 
the input signal amplitudes times some 
constant, which is a funct ion of the 
external load resistors and other circuit 
adjustments that affect gain. These gain-
related items are described next. 

gain considerations 
In addit ion to the load resistances, two 

other parameters that affect gain, or 
amplif ication, f rom the modulating-signal 

tance decreases gain but increases the 
signal-handling capability of the IC. This 
means that output-signal amplitude wi l l 
be decreased, but a higher-amplitude in-
put signal can be handled w i thou t distor-
t ion. Decreasing this resistance has the 
opposite effect. The resistance between 
pins 2 and 3 can be anything between 
zero and several thousand ohms, depend-
ing on the opt imum desired combinat ion 
of gain and signal-handling capabil ity. 

Now let's see how the MC1596G can 
be put to work. 

balanced modulator 
Fig. 2 shows the MC1596G as a 

balanced modulator. This circuit has the 
fol lowing advantages over a conventional 
diode ring balanced modulator often 
found in amateur equipment: 
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1. Circuit simplicity. No transformers 
are required; only resistors and capaci-
tors. Only a single carrier-null adjust-
ment is used, while diode ring modula-
tors often have two null adjustments. 
Further, the MC1596G carrier-null 
adjustment is in the dc portion of the 
circuit. This means the carrier-null 
potentiometer need not be located 
physically near the remainder of the 
balanced-modulator circuit—it could 

sidebands are down 55 dB or more, and 
the carrier oscillator must deliver only 
0.072 mill iwatt to the modulator. 

Construction and operation are simple. 
Reasonable care is needed to isolate 
output and carrier input. The modulator 
has such excellent carrier suppression that 
if care is not paid to circuit input-output 
isolation, there may be more carrier 
output signal passed through circuit stray 
capacitance than through the IC itseff. 

CARRIER NULL 

fig. 3. A balanced modulator using a single 12-Vdc supply. 

be located on the rear panel of the 
equipment or at any remote location. 

2. Greater carrier suppression. This 
balanced modulator wil l provide typi-
cally 65 dB and 50 dB carrier suppres-
sion at 500 kHz and 9 MHz respec-
tively. 

3. Broadband operation. The basic 
circuit requires no modifications for 
carrier frequencies from audio to 100 
MHz. 

The balanced modulator shown in fig. 
2 also has an extremely clean double-
sideband output signal and a low-carrier-
oscillator power requirement. Spurious 

To place the modulator in operation, 
apply dc power and carrier signal. The 
recommended carrier input level is 60 mV 
(0.06 V) rms, but this isn't critical and 
variations in this figure of as much as 50% 
won't seriously degrade circuit perform-
ance. The carrier-null adjustment is set 
for minimum carrier output. 

The audio modulating signal is then 
applied. This signal should have a value of 
300 mV rms on peaks; but again, this 
level is not critical. 

If you have no equipment available to 
adjust the carrier injection level to 60 
mV, apply both carrier and a single 
audio-tone modulating signal and observe 
the double-sideband output level on a 
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voltmeter or scope. As the carrier injec-
tion is increased from a very low level 
(1 — 10 mV rms) the output wil l increase 
as carrier level is increased. Finally a 
point will be reached where further 
increase in carrier level causes no change 
in the output. The carrier level should be 
set at the point where the output signal 
just begins to level off. 

If only a single 12-Vdc power supply is 
available, the circuit shown in fig. 3 may 
be used. Signal levels and operating in-
structions are the same as for the circuit 
in fig. 2. 

amplitude modulator 
The circuit shown in fig. 2 can be used 

for an a-m modulator if the 10k resistors 
are changed to 750 ohms. This modifica-
tion gives the carrier-null adjustment the 
greater range necessary for carrier inser-
tion. 

could be used in an ssb/a-m transmitter or 
in an rf signal generator. 

doubly balanced mixer 
A doubly balanced mixer delivers only 

sum and difference frequency outputs 
and suppresses both the local oscillator 
and rf-input frequencies. The MC1596G 
may be used in this application also. 

Fig. 4 shows a doubly balanced mixer 
with broadband inputs and a tuned out-
put at 9 MHz. This means that the rf and 
local oscillator inputs may be any two 
frequencies with a sum or difference of 9 
MHz. The circuit will operate with input 
frequencies from 160 meters up to 300 
MHz. With a 10-meter input signal, the 
mixer has a conversion gain of 13 dB and 
a sensitivity of 7.5 juV for a 10-dB 
signal-plus-noise-to-noise ratio at the i-f 
output. At 220 MHz, it has 9-dB conver-
sion gain and a 14-/iV sensitivity. 

fig. 4. Doubly balanced mixer with broadband input and tuned 9-MHz output. Circuit operates up to 
300 MHz . L1 is 44 turns no. 28 enameled on a Micrometals 44-6 toroidal core. 

The a-m modulator is operated with 
the same signal levels as the suppressed-
carrier modulators described above. It can 
be used in a system where both suppress-
ed carrier and a-m are required. Simply 
adjust the 50k pot for either a carrier null 
or carrier insertion, depending on which 
operating mode is desired. The modulator 

Several variations of this mixer may be 
used. There are three signal ports, two 
inputs, and one output. These three ports 
may be used with any combination of 
either tuned tanks or broadband coupling 
circuits. Thus, with broadband circuits on 
all three ports, the mixer will 
deliver sum and difference frequency 
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outputs from audio through vhf. With 
tuned input and output circuits, much 
higher conversion gains of 20 to 30 dB 
may be achieved due to more efficient 
impedance matching. 

the MC1596G, causes the product detec-
tor to have only the desired demodulated 
audio output. 

Fig. 5 shows a product detector cir-
cuit. With a 9-MHz ssb i-f input, the 

y—WV~ 
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fig. 5. Product detector with 90-dB dynamic range. The high sensitivity of this circuit lends itself to 
direct convers ion techniques. 

product detector 
* 

An extremely sensitive product detec-
tor can be built with the MC1596G. 

A product detector is really a mixer 
with its output in the audio frequency 
range. The ssb signal forms the rf input, 

detector has a sensitivity of 3 MV for 
10-dB s + n/n at the audio output. For 20 
dB s + n/n, the sensitivity is 9 A/V. This 
means that for an ssb receiver with a 
50-ohm antenna input impedance, a 
0.5-pfV rf input signal would require only 
12 dB over all signal power gain from 

fig. 6. Block diagram of a receiver with no i-f gain. Sensitivity on 15 meters is less than 0.1 /uV for 
10-dB s + n/n ratio. 

and the carrier injection signal is the 
local-oscillator input. The audio output 
signal is at the difference (audio) frequen-
cy between the ssb and carrier frequen-
cies. A low-pass filter that cuts off above 
3 kHz is used at the output. This, 
together with the inherent suppression of 
both input-signal frequencies provided by 

antenna to detector input to produce a 
demodulated audio signal with 20-dB s + 
n/n at the detector output. 

Of course there would be many other 
practical limitations on such a receiver 
such as age range, audio-amplifier sensi-
tivity, etc. But the point is that detector 
sensitivity would certainly not be a prob-
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lem in any receiver employing the 
MC1596G as a product detector. 

This high sensitivity product detector 
permits some interesting receiver tech-
niques. For example, the circuit lends 

detect i-f input signals from 3 to 100 mV 
wi thout significant distortion. 

The input-signal-handling capability 
may be increased at the cost of some 
decrease in detector sensitivity and gain 

fig. 7. Optimized a-m detector based on the circuit of fig. S. 

itself well to direct conversion.3 '4 Fur-
thermore, it 's possible to build a sensitive 
superheterodyne receiver wi th no i-f gain. 
The latter principle has been realized in 
an hf ssb receiver (block diagram shown 
in fig. 6). The sensitivity of this receiver 

by increasing the resistor between pins 2 
and 3 to 500 or 1000 ohms, 

a-m detector 
The product detector shown in fig. 5 

may also be used as an a-m detector. Thus 

fig. 8. A low-frequency 
doubler. Circuit will de-
liver doubled output 
from input signals up to 
1 M H z ; all other fre-
quencies are 30 dB or 
more below the desired 
output. 

on 15 meters is less than 0.1 /uV for a 
10-dB s + n/n ratio. 

The product detector has a dynamic 
range of 90 dB. This means that it wi l l 

it can be used as the only detector in an 
a-m ssb cw receiver. 

For a-m operation, simply inject car-
rier and modulated signal inputs, as for 
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ssb. The carrier injection is most conven-
iently obtained from the i-f signal, thus 
avoiding any dr i f t problems that may be 
encountered if the carrier is generated 
locally, as for ssb reception. 

range through vhf. 
Fig. 8 shows a low-frequency doubler. 

The two input terminals are simply ac-
coupled, and untuned RC coupling is used 
at input and output. At input frequencies 

Normally, a constant-amplitude local-
oscillator (carrier) signal is injected at the 
local-oscillator input. To achieve this with 
a carrier signal obtained from the receiver 
i-f signal, a limiter would have to be used 
to remove the modulation. However, if a 
carrier injection level of 300 mV rms is 
used, the fully modulated signal may be 
injected directly. 

While the product detector shown in 
fig. 5 may be used directly as an a-m 
detector by injecting a 300-mV signal 
into the carrier input and up to 30-mV 
signal into the signal input, a few modifi-
cations can be added to optimize the 
detector for a-m. The resulting circuit is 
shown in fig. 7. 

frequency doubler 
Injection of the same signal frequency 

at both inputs produces an interesting 
result. The sum frequency output is twice 
the input frequency, and the difference 
frequency is zero. Therefore, the output 
consists of a single-frequency signal at 
double the input frequency, and we have 
a frequency doubler. The MC1596G oper-
ates as a frequency doubler without any 
tuned circuits from the audio frequency 

up to 1 MHz, this circuit will deliver a 
clean doubled output with all other fre-
quencies 30 dB or more below the desired 
output. 

When modified with suitable coupling 
and bypass capacitors, the basic 
MC1596G doubler has been used at input 
frequencies as high as 200 MHz. 

Suppression of input frequency and 
other spurious signals is not as good in 
the hf and vhf range. Therefore, it may be 
desirable to use a tank circuit at the 
output to obtain a cleaner output signal. 
Fig. 9 shows a vhf doubler with such a 
tank. This circuit doubles from 150 to 
300 MHz, with all spurious outputs 20 dB 
or more below the desired output signal. 
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the 

Mainline ST—5 
rtty demodulator 

This basic 

building block 

demodulator 

featuring linear IC's 

can be used 

for future expansion 

of your 

rtty station 

Many newcomers to rt ty have complained 
© that a current yet simple demodulator 
03 hasn't been published for them to build. 

The W2PAT unit in the ARRL handbook 
o is nearly 15 years old. In 1964 an attempt 
'"S was made to replace the W2PAT design 
H with a modestly priced updated unit, the 
= TT/L.1 This design, together with the 

subsequent TT/L-2,2 is now the standard 
B of the serious rtty enthusiast. However, 
^ the original goal was missed by a country 
0 mile, since the TT/L-2 costs over $160 

just for parts and has 14 tubes. 
§ The ST-33 was a successful solid-state 

design that introduced integrated linear 
j= operational amplifiers to rtty. It was still 
§ moderately complex, however, and fell 

short of the goal to supply the beginner 
° with something that could be built in a 
cm few hours. 

" the ST-5 demodulator 
to While developing a unit based primari-
^ ly on ICs to replace the TT/L-2, a very 
^ simple modulator with great potential 
1 was developed: the ST-5. As with any 
2 simple circuit, the cost of the power 
.£ supply is out of proportion with the rest 
J: of the unit. At current prices, the ST-5 
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costs only S 14.50 less loop supply ($8) 
and a plus-minus 12-volt supply ($11). 

The total cost of S33 is not overly 
impressive until you realize this unit can, 
if desired, be used as a building block for 
the more exotic ST-6, which will be 
published later in the year. Almost every 
component used here can be used in that 
unit. The ST-5 is a basis from which the 
beginner can expand-it's not just a col-
lection of parts that will find no further 
use when he is ready to broaden his 
horizons to more sophisticated equip-
ment. 

features 
The ST-5 uses two operational ampli-

fiers (fig. 1). One is an audio limiter, and 
the other is a trigger stage to drive t h e 

keyer. It has a 175-volt loop supply of 
the same type used in the TT/L, which 
provides plus-minus voltages for keying a 
transmitter and also features narrow-shift 
cw identification. Finally, the ST-5 has a 
symmetrical plus-minus 12-volt power 
supply. 

Rear panel of S T - 5 shows jacks 
for audio, fsk arid loop power. 
Enclosure is 6 x 8 x inches. 

limiter 
The 709C op amp has over 90-dB gain 

and is good to over 10 MHz. It makes an 
ideal limiter. The zener diodes on the 
input don't assist in the limiting; they 
merely protect the 709C against damage 
in the event of excessive audio input 
(hardly likely but worth the protection). 
The limiter puts out square waves and is 
so powerful it starts working on input 
signals as low as 200 juV. The 25k pot 
merely balances the small offset input 
voltage for maximum gain. This voltage 
varies slightly from one unit to another, 
so a control pot was added rather than a 
fixed resistor, which many units use. 

discriminator/detector 
It's difficult to use the same value 

inductor with different capacitors and 
expect to obtain two similar filters of 
equal characteristics. To get similar band-
width, voltage output, noise response, 
etc., some loading is necessary. Most 
simple demodulators merely balance the 
voltage or ignore all the problems com-
pletely. Without belaboring the point, it's 
not a simple job to get all these factors to 
balance suitably; but it is possible, and 
the Mainline units all have filters that 
have been designed with care. 

The ST-5 offers a choice of the 
2125-2975 mark and space tones (consid-
ered standard), or the 1275-2125 low 
tones necessary in some modern receivers. 
(Actually nearly all these receivers re-
spond beautifully to 2975 tones and 
higher, but a new bfo crystal is needed.) 
The best results come from the 
2125-2975 tones, since the two frequen-
cies are only about 28% apart while the 
1275-2125 tones are 40% apart; thus it's 
a more difficult job to separate the 
harmonics and achieve proper filter de-
sign. 

The detector features full-wave rectifi-
cation for most efficient filtering of the 
dc ripple remaining after the audio has 
been rectified. A simple RC low-pass 
filter removes the remaining audio com-
ponent. 
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LIMITER DISCRIMINATOR/DETECTOR SLICER 

-!BV TO *UE-340 

LOOP SUPPLY POWER SUPPLY 

TTY PRINTER 

O GROUND 

fig. 1. Schematic diagram of the Mainline ST-5 R T T Y demodulator. 

slicer 
The slicer takes the small voltages 

from the filters and changes them to 
roughly +10 volts for mark and -10 volts 
for space, regardless of the original ampli-
tude. This in reality is a dc limiter, as a 
signal as small as a 100 /uV or so will 
cause the unit to saturate completely, 
either plus or minus, depending upon the 
polarity of the applied signal voltage. The 
unit has so much gain that at the cross-
over point, a change at the audio input as 
small as one or two Hz will cause this 
trigger stage to flip from +10 to -10 volts. 
This is another way of saying shifts as low 
as 3 - 4 Hz could be copied on the ST-5 if 
tuned in properly. 

16 September 1970 

keyer stage 
A 300-volt Motorola 25W transistor 

selling for $1.06 is used. The normal 
loop-supply current for t ty machines is 
60 mA. This transistor has a large amplifi-
cation factor and acts like an on-off 
switch. When on, the power consumed in 
the transistor is only 0.012 W; so in the 
ST-5 there's no way you could ever 
damage that transistor. 

An RC network in the M JE-340 collec-
tor takes care of the back emf developed 
by the inductance of the selector magnets 
in the printer during the transition from 
space to mark. The transistor is biased off 
during space. A diode in the base circuit 
keeps this negative voltage below the 



point at which the base-emitter junction 
would be reverse-biased. 

loop supply 
Here comes $8 of the $33 total right 

now. This unit uses the well-known 
"f loating loop" I developed for the TT /L . 
As you go f rom mark to space, the 
voltage at the fsk output switches from 
negative to positive. This offers excellent 
keying characteristics for the transmitter, 
and provides a simple method of keying 
ssb transmitters needing conduct on mark 
instead of conduct on space, such as the 
Collins S-line. The Hallicrafters (and 
others using a 9-MHz heterodyne scheme 
with a vfo running from 5.0 to 5.5 MHz) 
needs both systems. If you are "upside 
down," merely reverse the diode in the 
fsk system. Few (if any) other systems 
offer this potential. The narrow-shift cw 
identification system can be set appro-
priately wi th the 500-ohm pot. If you are 
using a transmitter that conducts on mark 
and can't get suitable cw shift, t ry putting 
the connection to the 500-ohm pot on 
the other end of the 8.2 ki lohm resistor. 
One of these-two places has always been. 

Printed-clrcuit boards hold all 
the components except the 
two transformers and the con-
trol switches. 

adequate in the past. 
The 2500-ohm resistor sets the loop 

current, which is in no way critical. 
Unless more than 10 mA in error from 60 
mA (you may have used a different 
transformer and need a different resistor), 
don' t bother changing anything. 

loop transformer 
The Stancor PA-8421 is far from 

cheap. However, I've never found a more 
suitable transformer at any lower price. 
Don't be alarmed at the 50-mA rating, 
which requires some explanation. The 
primary is capable of handling about 20 
V A in the secondary. Since there's also a 
6.3-volt winding rated at 2 A, this is 
almost 13 of that 20 VA. That only 
leaves about 7 VA for the high-voltage 
winding, or roughly 50 mA. However, if 
the filament winding is not used (and I 
don' t use it), then the entire 20 VA is 
available to the high-voltage winding. This 
represents around 160 mA. So don't be 
alarmed at the 50-mA rating. You could 
pull twice that in this circuit and it 
wouldn' t tax the transformer. Don't wor-
ry if the transformer gets warm; all 
transformers get warm. It's when you 
burn your hand on them that you have to 
watch out. I've had a loop supply similar 
to this running in the TT /L twenty-four 
hours a day for six years, and others 
throughout the country are doing the 
same. 

power supply 
The 709C op amps wil l take up to ±18 

volts. If you wind up wi th more than the 
indicated ±12 volts, but less than ±18 
volts, think nothing about it. You can 
lower the voltage by increasing the value 
of the resistors if desired. The plus 
voltage goes up or down at the same rate 
as the minus voltage, since both voltages 
are supplied by the same transformer. 
The op amps use symmetrical voltages. 
The 4000-mF capacitors are Sprague type 
39D at S2.43 each. Other large-value 
brands may be used, and I suggest you 
use at least 3,000 JUF for this purpose if 
substituting. 
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standby switch 
When S1 is closed, the unit is placed in 

mark. When S1 is opened, the printer can 
follow whatever is fed into the limiter 
from the receiver. 

As explained previously, the unit has 
so much gain that a signal as small as 3—4 
Hz can be copied if tuned correctly; this 
is called straddle tuning. However, for 
170-Hz shift you may wish to add a 
switch that changes the space filter to the 
new frequency. Fig. 2 shows the way 
this*would be accomplished if using the 
normal 2125-2975 tones, and fig. 3 
shows the circuit for the low tones of 
1275-2125. This is merely an expedient 
and doesn't result in proper filter balance, 
but it provides good 170-shift reception 
with the switch closed, or normal 850-
shift reception with it open. 

tuning indicator 
Provisions are provided for connec-

tions to the vertical and horizontal ampli-
fiers of a scope (fig. 1). It is customary to 
connect the mark signal to the horizontal 
amplifier and space signal to the vertical 

fig. 2. Switching circuit for adding 170 shift to 
space filter for 2125-2975 tones. 

rb 

1 1 rmo f ^^ 

.0368 

fig. 3. Switching circuit for adding 170 shift to 
space fitter for 1 275-2125 tones. 

amplifier, although many reverse this 
method. 

Most people prefer a scope indication, 
but an excellent tunmg indicator is pro-
vided at point A (fig. 1). A voltmeter 
connected to this point will give equal 
voltage indication for mark or space. With 
rtty signals the meter should stand still. If 
it doesn't, retune the receiver until it 

does. If straddle tuning a signal, the meter 
may read less than normal, although it 
won't move. This is normal and merely 
indicates the shift being copied is not the 
correct shift for the filters you're using. 

Fig. 4 also shows how a 0—1 mA 
meter may be added. An inexpensive npn 
transistor is used, such as the MPS-3394, 
although*" any npn transistor would be 
satisfactory here. The capacitor merely 
dampens the meter so it doesn't flip 
around too violently. If your meter is too 
damped, remove the capacitor or try a 
smaller value. This was suitable for the 
inexpensive imported meter used in my 
unit. 

fig. 4. Simple tuning 
indicator uses an in-
expensive 0-1 m A 
meter. 

the transmitter keyer 
Fig. 5 shows a typical fsk keyer for 

installation in the transmitter. The com-
ponents can be mounted on a small 
terminal strip and placed near the vfo 
tube under a convenient mounting screw 
which also serves as a ground return. The 
trimmer is connected to the cathode of 
the vfo tube and the tube replaced in its 
socket; thus, no changes of any type are 
made to the transmitter and its resale 
value is not affected. There should be 
room for several keyers if you wish to 
have the convenience of both 170 and 
850 shift. 

Although a 3-12 pF trimmer is shown 
in fig. 5, some transmitters only require a 
1.5-7 pF trimmer. It is suggested that you 
do not substitute for the 1N270 diode as 
it is superior to most other types in this 
application. 

If your signal is reported as "upside 
down," reverse the 1N270 diode. If you 
do not obtain sufficient cw shift with this 
connection (conduct on mark), the 
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500-ohm cw-shift pot should be connect-
ed to the opposite side of the 8.2k 
resistor at the junction of the two 15k 
resistors (fig. 1). 

components 
The 709C op amps are supplied by 

various manufacturers including Signetics, 
Fairchild, and Motorola. The prices in the 
order named are $2.62, $2.65 and $2.80 
as of this writing. Prices are constantly 
being reduced as devices become available 
from more companies. When I first start-
ed working on a super deluxe demodula-
tor in the fall of 1967, I paid over $10 
each. Now they're too cheap not to use. 

VFO 

fig. 5. To add fsk to literally any transmitter, 
connect a 3-12 pF trimmer to the cathode pin 
of the vfo tube. 

The Motorola unit can be purchased 
through most distributors, including 
Allied and Newark. The Fairchild unit 
can be mailordered from the firms be-
low.* Include about $1 extra for handling 
and postage; the surplus will be refunded. 
Specify the TO-5 can, as this is easier to 
work with than the dual in-line 14-pin 
type (same cost). 

The diodes marked G in fig. 1 are 
1N270 germanium at 32d each. Those 
marked SIL are most any silicon type, 
such as the 1N2069. The one in the loop 
supply should, however, be a minimum of 
400 volts PIV. Fifty-volt PIV is suitable 
everywhere else. 

'Hami l ton Electro Sales, 3 4 0 East Middlef idd 
Road, Mountain V iew, Calif. 9 4 0 4 0 and G. S. 
Marshall Co., 732 North Pastoria Avenue, Sun-
nyvale, Calif. 9 4 0 8 6 (also carries Signetics). If 
b u y i n g M o t o r o l a version, ask for the 
MC-1709CG. Texas Instruments 709 op amps 
are $1 .50 each (or 7 for $10) from H A L 
Devices, Box 3 6 5 H , Urbana, Illinois 61801; ask 
for S N 7 2 7 0 9 L . 

If you don't wish to spend the money 
for the zeners on the limiter input, you 
can substitute regular silicon types as 
shown in fig. 6. These start clipping at 0.6 
volt, however, and offer an inferior form 
of limiting, although they more than 
adequately protect the input to the limit-
er from excess voltage. The zeners are a 
much better choice. 

The 88-mH toroids are available from 
various sources for about each.t 
They're wired in series for 88 mH, and 
the junction of the two windings is 
grounded. 

If you have an accurate means of 
determining the frequency, you can tune 
the filters by removing turns of wire from 
each of the two sections concurrently to 
keep the turns ratio in the two windings 
the same. One turn from each of the two 
windings will increase the frequency 
about 6 Hz at the 2125 frequency, for 
example. 

Use Mylar capacitors, such as the 
Sprague Orange Drop. Twenty-five-volt 
capacitors are adequate, but you'll proba-
bly wind up getting 200V types. They are 
only 15-2 U each. 

The pots can be the inexpensive 39^ 
Maliory PC board MTC types. Other 

m 

fig. 6. Ordinary silicon diodes may be substi-
tuted for zener diodes at the input, although 
limiting is somewhat inferior. 

power transformers may be used, but the 
Triad F-40X is an excellent buy. 

printed-circuit board 
The printed-circuit boards shown in 

the ST 5 in the photographs hold all of 
the components except the two transfor-
mers and the control switches. This great-
ly enhances construction, and at the same 
time makes it possible for nearly anybody 

t An excellent source for 88-mH toroids is M. 
Weinschenker, Post Office Box 353 , Irwin, 
Pennsylvania 15642. He will send you five 
88-mH toroids for $1.50, postage paid. 
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to build an extremely nice-looking unit. 
The printed-circuit board includes one 
section for the power supply and another 
for everything else. The board may be 
split down the middle and the two 
sections mounted back-to-back as I did in 
my unit, or the board may be left intact 
and used with a more shallow chassis.* 

adjustment 
With no input signal, or with the input 

grounded, adjust the pot on the limiter 
for zero volts dc at pin 6. If this isn't 
possible, you 'd better write me and ex-
plain thoroughly, as you probably ruined 
the op amp somehow. By the way, unless 

In this model the printed-circuit board is 
cut in two sections and mounted back-
to-back. 

you get too much voltage on pins 2 or 3, 
like the full power-supply voltage, or get 
the plus-minus hooked up backwards, it's 
very difficult to ruin these things. By 
following even the most elementary con-
struction practices, you'll have no prob-
lems with the 709C. 

* A printed-circuit board for the S T - 5 R T T Y 
terminal unit is available f rom Sta f ford Elec-
tronics, Inc., 427 Sou th Benbow Road , Greens-
boro, North Carol ina 27401. The undril led 
board is $3.00; with critical holes drilled, 
S3.75; complete, ready to mount components , 
S6.50. A complete kit of components (less 
circuit board), including ICs, transistors, diodes, 
resistors, capacitors and toroids is available for 
S37.50 from H A L Devices, B o x 3 6 5 H , Urbana, 
Illinois 61801. 

After balancing the limiter for zero 
volts output, connect the receiver and 
tune to maximum mark and note the 
indication on your tuning indicator (fig. 
4) or on a voltmeter connected to point 
A. Tune to space on the receiver and 
again note the reading. If the indications 
are not the same, adjust the 5k pot on the 
limiter olitput until they are. You have 
now finished all the adjustments and they 
should require no further attention at any 
time unless you switch to 170 shift, for 
instance. In this event you may or may 
not want to reset the filter balance pot. I 
suggest you leave it for the 850 setting 
and take what you get on the 170-switch 
position, as this is a somewhat artificial 
method of getting good 170-shift recep-
tion. 

When transmitting be certain to first 
close the standby switch or you can get 
feedback, which will produce errors simi-
lar to those you would get when using a 
microphone if you didn't turn off the 
speaker. 

other op amps 
The 709C is to other op amps what 

the Ford V-8 was to other automobiles. It 
not only led the way; it's still in use. The 
709C was {and is) one of the cheapest 
ICs of its type available. One would gain 
very little and stand to lose a lot by 
trying to substitute other units. The 741 

C o m p o n e n t layout on the main 
section of the printed-circuit 
board. 

( j 
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and 748, for example, have a bit more 
gain, higher input voltages, and require no 
frequency compensation. They cost 
$4.85 each, but their biggest disadvantage 

are an antispace circuit, an active 3-pole 
Butterworth low-pass filter, autostart 
with delayed motor control, and optional 
features such as bandpass input filters for 

6 0 0 W 

o*izv 

•o-iev 

fig. 7. Although this unregulated power supply may be used with the ST-5 R T T Y demodulator, the 
circuit shown in fig. 1 is recommended. 

here is that they're not at all suited as 
audio amplifiers. At 2 kHz they have only 
30-40 dB gain and make a poor audio 
limiter compared with the 709C. So 
unless you know what you're doing, stick 
to the 709C. 

the Mainline ST-6 
This demod will be published as soon 

as possible. The ST-6 uses the same 
limiter and slicer as the ST-5 and the 
same keyer and loop supply. It uses the 
same power supply to which has been 
added some regulation. It has a total of 7 
op amps and 9 transistors. Also featured 

Component layout on the power-
supply section of the printed-circuit 
board. 

layed motor control, and optional fea-
tures such as bandpass input filters for 
either 170 or 850 shift, fast-slow auto-
start, etc. This is only mentioned at this 
time to illustrate that if one builds the 
ST-5, the same parts may be used later 
for the more exotic ST-6 if you wish to 
expand your station. 

conclusion 
The ST-5 was designed as a simple but 

highly effective rtty demodulator using 
the best of currently available concepts. 
It should be a very popular unit for some 
years to come, as it's impossible to 
imagine at this time how any additional 
performance could be made available-it's 
already ridiculous to talk in terms of 90+ 
dB amplification. Only a completely dif-
ferent concept of rtty processing could 
outdate the ST-5, and that seems quite 
unlikely to occur until we all get compu-
ter terminals in the shack. 
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an fm receiver 
for 

two meters 

Conservative design, 

solid-state 

construction, 

readily available par ts -

all add up 

to a really solid 

vhf fm receiver 

Within the last several years, hams have 
been giving increased attention to vhf fm 
operation. Although this mode has been 
used by hams for over 15 years, it is just 
beginning to be widely accepted. One of 
the reasons is because of the release from 
commercial service of the older, wide-
deviation, tube-type gear. Commercial 
users had to go to a narrower deviation to 
open up more frequencies. One of the 
authors was on wideband fm 16 years ago 
using what was at that time fairly current 
equipment. Af ter all these years, the same 
type of gear is still widely used. With 
today's techniques and technology, much 
of the older tube-type equipment is obso-
lete. The tragic part is that since the 
demand for vhf fm equipment has in-
creased, the law of supply and demand 
has raised the prices of these antiques out 
of proportion to their usefulness. 

Lately several distributors have been 

selling imported fm gear designed for ham 
use. Although we haven't tried this equip-
ment, it probably works quite well. How-
ever, we felt that it should not be 
necessary to get a second mortgage on 
our homes to be able to purchase hobby 
equipment. A problem that can exist wi th 
imported electronic gear is the availability 
of adequate repair parts when needed. 
With all of these objectionable possibili-
ties in mind, it was felt that the best 
approach to vhf fm operation was of the 
do- i t -yoursel f type. The solid-state, 
conversion receiver described here is the 
result. 

In establishing our design criteria we 
felt that it would be wise to spend a few 
extra dollars, build more than just a basic 
receiver, and do the job right the first 
time to obtain good rather than mediocre 
operation. In looking over readily avail-
able semiconductors, best use was made 
of both discrete and integrated devices. 

The first version of the receiver was 
buil t on punched board, using eyelets at 
every point of component entry. Al-
though this technique is adequate for 
initial design, i t leaves something to be 

M desired as far as a finished product is 
^ concerned. The second version was made 
^ using printed circuits.* Al l parts are 
g readily available and standard. The i-f 
g" transformers are imported, but are a 
jc standard type used in portable radios. 
» These are also available from J. W. Miller. 
® Don't overlook those defunct transistor 
c radios at hamfests, etc., as a source of 
^ transformers. The coil forms in the rest of 
w the circuit are made by Cambion (avail-

5 
* *A set of G-10 epoxy PC boards, tinned, 

drilled, and with swaged terminals is available 
for $9.50 P.P. A PC board for the power 

£ supply, G-10 epoxy, drilled and tinned is 
> available for $2.50 additional. Order from RMV 
= Electronics, P. 0 . Box 283, Wood Dale, Illinois 

CC 60191. 
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able at Newark Electronics, etc.) and can 
be shielded by the same size coil shields 
used on the i-f transformers. 

the front end 
For good cross-modulation and over-

load characteristics, fet transistors are 
used in the front end (fig. 1). The first rf 
amplifier, Q201, is a conventional, 
grounded-source, neutralized MPF-102. 
Other types may be somewhat better; the 
MPF-105 or MPF-107 , for example. 

variety is recommended since the larger 
ones have too much inductance. In the 
printed circuit version we used an A L C O 
M R A - 3 - 3 S switch, The pins went right 
through the board and to the foil. 

The first mixer is a MPF -102 fet. The 
signal and local oscillator frequencies are 
fed to the gate. The source resistor was 
chosen empirically for the proper amount 
of local-oscillator injection. The mixer 
output is 10.7 M H z and is taken o f f by a 
link on T201 . 

View Of tne PC front end. A t the left is the rf input and Q201, followed by Q202. A t right center is 
Q203 mixer, and at the right end of board is the oscillator. The board will hold up to three crystals 
although only one is shown here. 

A grounded gate stage, Q202 , is used 
as the second rf amplifier to simplify 
construction and for ease of adjustment 
(no neutralization). 

The first local oscillator consists of a 
crystal oscillator, Q204, operating at 45+ 
MHz, which is tripled to approximately 
135 M H z by a 1N914 diode. The crystal 
frequency can be determined as follows: 
xtal freq - operating freq - 10.7 MHz . 

O 

A trimmer capacitor in series with the 
crystal allows frequency zero adjustment. 
Be sure to use short leads from the base 
of Q 2 0 4 to the crystal, or it won ' t 
oscillate. If a switch is used, the miniature 

main i-f board 
The output of the first mixer is fed to 

the gate of Q101, the first i-f amplifier 
(fig. 2). Link coupling from the first 
mixer provides an impedance mismatch, 
which prevents Q 1 0 1 from oscillating 
without neutralization. 

Due to the low Q of the transformers 
in the mixer and first i-f amplifier out-
puts, there may be a problem with an 
image 910 kHz from the desired signal. If 
you ' re in an area with lots of activity, or 
discover later that this problem exists, an 
external filter can be added between the 
converter and first i-f. 

The output of Q 1 0 1 is transformer-
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1001 
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FIRST LOCAL OSCILLATOR 

0201 J 1206 4 
IN9I4 ^ T 

y fc ir-iipF 

L205 TS01 10 7MHz 
OUTPUT 

rr? 

L201 

L202 

L203, 
L204 

L205 

4Va turns no. 18 on 0.210" 
diameter slug-tuned coil form 
(CTC 3624-4), tapped at Vk 
turns 

18 turns no. 26 on 0.214" 
d iameter slug-tuned form 
(CTC 3104-4) 

4 turns no. 18 on 0.210" 
d iameter slug-tuned form 
(CTC 3624-4) 

3 turns no. 18 on 0.210" 
slug-tuned form (CTC 3624-4) 

L 2 0 6 

RFC201 

T201 

T202 

7 turns no. 20, 3/16" diam-
eter, air wound, tapped at V2 
turns 

8.2 MH (Nytronics DD-8.20 or 
equivalent) 

CTC 3624-2 coil form wound 
full with no. 32, 8-turn link, 
shielded (winding area of CTC 
3624 is 0.183" long, 0.210" 
diameter) 

CTC 3624-3 coil form wound 
full with no. 22, 3-turn link, 
shielded (see coil form info 
under T201) 

fig. 1. Front end of the vhf fm receiver. First rf stage neutralization adjustment (L202) will depend 
on individual transistor characteristics. Neutralization isn't required in grounded-gate second stage. 

coupled to the base of the second mixer, 
Q102, where it is mixed with 10.245 
MHz from the second local oscillator, 
Q103. The difference frequency, 455 
kHz, is fed to a three-stage filter consist-
ing of T102, T103 and T104. The selec-
tivity depends on the coupling capacitors 
and also the tuning of the transformers. 

Other types of filters are available that 
have better bandpass characteristics, but 
their cost and limited availability prohibit 

their use. By using i-f transformers as a 
filter, they can be adjusted for either 
wide- or narrow-band use. The i-f trans-
formers are the type used in transistor 
radios. 

The second i-f amplifier, U101, is an 
RCA CA3012 integrated circuit, which is 
low priced and has approximately 65 dB 
gain with good limiting characteristics. 
Because of the very high gain, the lead 
dress is important, and the bypass capaci-
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tors should have short leads to prevent 
self-oscillation. A problem developed on 
the original printed circuit layout with 
this stage due to ground loops, which 
caused U101 to oscillate. 

Transformer T 1 0 5 couples the i-f am-
plifier output to the fm detector U102, 
which is a Sprague U L N 2111A . This 
integrated circuit contains an i-f ampli-
fier, limiter, fm detector, and an audio 
stage. Other IC fm detectors are on the 
market, but this unit doesn't require an 
expensive transformer and provides excel-
lent a-m rejection. 

The audio output of the fm detector 
feeds the audio gain and squelch pots. 
Transistor Q105, a noise amplifier, drives 
Q106, the noise detector. Transistor 
Q107 is a dc amplifier, which is driven by 
the noise detector and is used to turn the 
audio squelch gate Q104 on and off by 
biasing the emitter-to-base junction on 
and off. 

Aud io from the squelch gate drives the 
audio output stage, which is a relatively 
new integrated circuit from Motorola. 
The M F C 4 0 0 0 is inexpensive, small, and 
provides 250 mW output. While this is 
not quite enough for mobile use, it 
provides more audio than you can stand 
with a 4- or 5-inch speaker in normal 
room conditions. 

power supply 
The entire receiver operates from a 

12-volt source. Audio output stage U103 
requires 9 volts, which is obtained from a 
zener. This method was used rather than 
a dropping resistor, because the current 
to U103 varies widely and so would the 
voltage drop. If the receiver is used for 
mobile work, some additional filtering of 
the battery supply may be desirable. The 
amount can vary from car to car. T o use 
the receiver in the home, a small ac power 
supply can be made. One of the authors 
has poor line regulation, so an electronic-
ally regulated supply using a Motorola 
M C 1 4 6 0 R integrated-circuit regulator was 
built to power the receiver. The receiver 
draws approximately 60 m A when 
squelched (no audio) to around 150 m A 
on speech peaks with the audio gain wide 
open. A s far as mobile is concerned, since 
the power requirements are so low, many 
hours of listening can be had without 
straining the car battery. 

alignment 
Although an expensive fm signal gener-

ator of the type used for commercial 
radio work would be nice, it's not at all 
necessary. The i-f board can be initially 
tuned using any 10.7-MHz signal genera-
tor with a-m modulation. Some may 
question this; however, if the generator 
output is kept low as well as the percent-
age of modulation, the receiver will re-
spond if the level is low enough to 
prevent limiting. 

The large board (approximately 6 x 2-7/16 inches) holds the i-f amplifiers, discriminator, audio and 
squelch circuitry. The smaller board at right holds T107, 108 and 109. The layout is compact but 
not miniaturized. 
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OPTIONAL FILTER (SFE TEXT) RRST l-F AMPLIFIER SECOND MIXER BANDPASS FILTER 

TO 
SECONO LOCAL 

To start, inject 10.7-MHz to the gate 
input of transistor Q101. Since we need a 
dc return, (normally provided by the link 
on T201) a 2.5-mH rfc should also be 
connected from the input to ground. The 
generator coupling should be through a 
capacitor of approximately 100 pF. Peak 
all transformers for maximum audio out-
put, but be sure to keep the generator 
output low to prevent limiting. Next, 
connect the front end to the i-f board. 
(Be sure to remove the rfc.) Place an rf 
probe connected to a vtvm at the diode 
(D201) cathode, and tune T202 for maxi-
mum reading. Next, couple a gdo or 

wavemeter to L206 and tune C218 for 
maximum. Then couple a signal at the 
operating frequency to the input of the 
front end. Peak L201, L203, L204 and 
L205 for maximum audio output. If 
Q201 oscillates, adjust neutralization coil 
L202. Turns may have to be removed or 
added, depending on the individual char-
acteristics of Q201 and because of the 
limited tuning range of the coil. 

The above has been a preliminary 
adjustment. A cooperating station on 
frequency can be used for final on-the-
nose alignment. If an fm generator and 
sweep generator are available, by all 
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VOLUME 
CONTROL 

nm SUPPLY 
-a 

D 1 0 1 3 . 9 v o l t z e n e r d i o d e , 1 w a t t 
(1N4730) 

L 1 0 1 . L 1 0 2 5.6 mH (Nytronics SWD-S.6 
or equivalent) 

L I 03 82 m H (Nytronics S W P 82000 
or equivalent) 

T 1 0 1 

T 1 0 2 . T 1 0 3 
T 1 0 4 , T 1 OS 
T 1 0 6 

C T C 3624-2 coil form wound 
full with no. 32, 3-tum link, 
shielded (winding area of C T C 
3624 is 0 . 1 8 3 " long, 0 .210" 
winding diameter) 

Miniature 4 4 5 - k H z i-f transfor-
mer, 25k—600 ohms (J. W. 
Miller 9-C1 or equivalent) 

fig. 2. I-f strip, discriminator, and af circuits. 
Bandpass filter following mixer consists of 
ordinary i-f transformers, allowing adjustable 
selectivity. 

T 1 0 7 . T 1 0 8 C T C 3624-2 coil form wound 
T 1 0 9 full with no. 32, 8-turn link 

(see coil form info under 
T 1 0 1 ) 

means use them; however, an on-the-air 
signal is adequate. Peak all coils in the 
converter as well as in the selectivity strip 
{if used) and transformer T201 in the i-f 
strip for maximum audio output. If an 
on-the-air signal is used, attenuation may 
be necessary at the antenna input to keep 
the receiver from limiting. A weak signal 
is best. Transformers T102, 103, and 104 
are stagger-tuned for desired bandwidth. 
Using a properly modulated on-the-air 
signal, tune these transformers for mini-
mum distortion and clipping. T105 is 
adjusted for maximum audio output. 
T106 quadrature coil is adjusted for best 
audio quality. If a scope is connected to 
the audio output of U102, T106 should 
be adjusted for a symmetrical waveform. 
If more than one frequency is used, tune 

the rf coils for approximately the center 
frequency spread. All that's necessary 
now is to adjust the volume and squelch 
controls for desired levels. 

One of the authors has been using this 
receiver for mobile operation daily for 
several months and has found that it 
performs quite well. The mobile trans-
mitter is a hybrid affair, but work is 
under way on a 100-percent solid-state 
transmitter. We will present this to ham 
radio readers at a later date if sufficient 
interest is shown. There is no reason why 
anyone who wants to get on vhf fm today 
can't build a receiver such as we have 
presented and produce a unit that will 
perform to expectations at reasonable 
cost. 

ham radio 
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A previous article in ham radio featured 
transmitting mixers for the two- and 
six-meier bands.1 Regular low-frequency 
equipment provided excitation for the 
six-meter unit, while a 50-MHz source 
provided drive for the two-meter mixer. 

Although these converters produce 
low output power, they are sufficiently 
complete to form basic subassemblies for 
a medium-power dual-band vhf trans-
mitter. This article shows how to com-
bine these printed circuit assemblies with 
a bias supply, control circuit, and linear 
amplifiers. Construction techniques will 
depend on individual requirements, so 
I 've only highlighted physical details; 
these are shown in the photos and 
sketches. Circuit details are shown in the 
schematic (fig. 1). 

Operating modes can be selected with 
a single control: 

1. 6-meter a-m, using a low-power 
50-MHz exciter such as the Heath 
"Sixer." 

2. 2-meter am, using the same ex-
citer as above. 
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3. 6-meter ssb, using a regular low-
frequency ssb transmitter or trans-
ceiver. 

4. 2-meter ssb, using the same low-
frequency ssb source as above. 

Carrier insertion allows cw operation 
in both mode switch positions. Break-in 
cw and vox are included to enhance 
enjoyment. 

The Amperex 5894, which is inter-
changeable with the 829B, may be more 
efficient, particularly on two meters. 
However, if the 5894 is used some reduc-
tion will be required in neutralizing ca-
pacitance. Also, the grid-circuit induc-
tance will have to be increased. 

metering system 
With the selector switch in the center 

position, grid current of either amplifier 
can be monitored. In the counter clock-
wise position, 2-meter output power will 
be indicated; 6-meter output is indicated 
when the switch is in the clockwise 
position. No grid current should flow in 
Class A B ^ However, an indicator is re-
quired to show when grid current begins 
to flow to obtain maximum output with 
minimum distortion. 

Chassis layout of the 6- and 2-meter 
mult imode transmitter. The 2-meter 
transmitting converter is rear left; the 
6-meter transmitting converter is right 
rear. The 829B final-amplifier stages are 
in the shield compartment to the front. 

power supplies 
Regulated +210 volts are required for 

the 6 U 8 oscillator-buffer, 5763 screens, 
and 12AT7 plates. Regulated Screen volt-
age for the 829B ' s is also required. Two 
independent series strings of O B 2 regula-
tors are used. This provides isolation 
between the oscillator and 829B screen-
current fluctuations. A simple bias supply 
is used. A small 6.3-volt transformer is 
connected backward in the filament line. 
Its unloaded output ( - 1 4 5 volts) is ap-
plied through two resistors to 18- and 
22-volt zeners. When the control relay is 
unenergized, both diode supplies float, 
allowing the bias lines to assume full 

Rear view of the mult imode trans-
mitter shows the neat layout and 
construction used by the author. 

** '3k 

muting potential of 145 volts. In the 
energized position, the zener circuit is 
grounded, providing -18 and -22 volts bias 
for the mixers and 829B grids respec-
tively. 

Supply voltages are brought in via a 
12-prong male Cinch-Jones plug mounted 
on the chassis rear apron. Supply require-
ments include +800 Vdc, 150 m A ; +300 
Vdc, '275 m A ; and 6.3 Vac, 6.5 A . 

construction notes 
M y construction techniques are appar-

ent in the photos. Three major structures 
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are used; an L-shaped main chassis plate, 
a U-shaped rf shield for the final amplifier 
compartment, and a 1/8-inch-thick front 
panel. Rough dimensions are shown in 
fig. 2. Angular side supports can be 
added, as shown, to strengthen the assem-
bly. Except for the front panel, all pieces 
are made from 0.05-inch-thick 5052-H34 

C 1 , C 4 30-pF tr immer (Arco 461J 

C2 25 -pF butterfly variable (E. F. Johnson 

167-22) 

C 3 1 4 0 - p F air variable (Hammer lund 
H F - 1 4 0 ) 

C 5 10-pf butterfly variable (E. F. Johnson 
167-21) 

C6 1 OO-pF air variable (Hammer lund 
H F - 1 0 0 ) 

L i 5 turns no. 16, 7 / 1 6 " diameter 

L 2 6 turns no. 16 each side of center, 5 / 8 " 
diameter 

L 3 3 turns no. 10 each side of center, V h " 
diameter 

L 4 4 turns no. 14, 7 / 8 " diameter 

L 5 2 turns no. 16, Vi" diameter 

L 6 3 turns no. 12, S / 8 " diameter, I V i " 
long, center tapped 

L 7 2 turns 3 / 1 6 " silver-plated tubing, 1 'A" 
diameter, 1 - 1 / 8 " long, center tapped 

L 8 1 turn l oop around center of L7 . Refer 
to pho to for approximate size and 
posit ion. 

fig. 1. Schemat ic d iagram of the 6- and 2-meter 
mu l t imode transmitter. 

1 
RC -5BA/V 

I 

aluminum. A n aluminum angle, Vi x V* 
inch, was drilled and tapped to form the 
fourth top surface edge of the rf shield 
compartment, I tailored the front panel 
to accomodate the assembly in a Heath 
"Seneca" cabinet, which I obtained from 
a surplus outlet. The knobs are from 
Heath. 

Final amplifier components, panel 
meter, meter switch, and the bias supply 
transformer are mounted above deck in-

side the shield compartment. The control 
relay and voltage regulator tube sockets 
are mounted near the chassis rear center, 
outside the shield compartment. 

The 829B sockets are E. F. Johnson 
type 122-105-100. The circular portions 
extend well below the chassis. Grid coils 
are suspended from the socket terminals 
with number 14 insulated solid wire 
leads. These are criss-crossed and extend 
up through ceramic wafer holes to form 
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neutralizing capacitors. The leads should 
run about one-half inch above the chassis 
surface. Capacitance is adjusted by 
bending the leads. 

Link input coils, 1.5 kilohm grid resis-
tors, and the bypass capacitors are sus-
pended from a small terminal strip sol-
dered directly to the base of each socket 
between pins 1 and 7. High voltage for 
the 829B tank is brought above deck with 
RG-58/U coaxial cable. Fahenstock 

spring clips, soldered directly to butterfly 
variable capacitors, provide 829B plate 
pin connection. 

adjustment and operation 
Reference 1 should be reviewed before 

attempting to set up this more complex 
system. If the printed-circuit subassem-
blies have been preadjusted, the remain-
ing task is to stabilize the 829B stages and 
optimize their input coupling. Reference 
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-3.51 

5.25 
0-

FRONT PANEL 
' (FRONT VIEW) /SHIELD COMPARTMENT 

(FRONT VIEW) 

TT 2.16 I 

56 

6.75 

MAIN CHASSIS 
(FRONT VKW) 

HOLE SIZES 

HOLE OIA. 

A .373 
B .437 
c .629 
0 2 .00 
E 2.50 

ALL HOLES NOT DIMENSIONED 
SHOULD BE DRILLED TO SWT 

fig. 2. Mechanical construct ion details of the 6- and 2-meter transmitter chassis. 

to the ARRL Handbook wil l be helpful in 
obtaining correct adjustment. 

First, apply heater power only. The 
appropriate heaters should light wi th the 
mode switch in each position. Next, 
check for -145 volts on the 829B grid and 
mixer-board lines. With the relay arma-
ture depressed, -22 and -18 volts respec-

tively should appear on 829B grid and 
mixer lines. 

two-meter a-m adjustment 
Connect a 50-ohm dummy load to the 

50-MHz output jack. Position the mode 
switch to "6 AM. " With heater power and 
drive applied, the 829B stage can now be 
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neutralized. (A standard procedure is 
given in the A R R L Handbook.) 

App ly 300- and 800-voltdc power. (It 
might be helpful to reduce the 800-volt 
power to 500 volts for this initial adjust-
ment.) Adjust the controls for maximum 
power into the dummy load. This can be 
observed on the panel meter with the 
meter switch in the " 6 M O U T P U T " 
position. Peak trimmer capacitor C 1 for 
maximum output indication on the 
meter. 

two-meter a-m adjustment 
Connect the 50-ohm dummy load to 

the 144-MHz output jack. Leave the 
50-MHz exciter connected. Rotate the 
mode selector switch to the " 2 A M " 
position and the meter switch to " 2 M 
O U T P U T . " Neutralize the 829B stage. 
App ly dc power and tune for maximum 
rf power into the dummy load. Alter-
nately adjust capacitor C4 and the two-
-meter mixer board output capacitor 
( b u t t e r f l y variable) for maximum 
144-MHz output. 

Ill M 81 Bl. 

U rider-chassis shows good vhf construction. 

six- and two-meter adjustment 
Connect suitable excitation to the 

low-frequency input jack. Rotate the 
mode switch to the " 6 S S B " position, 
With the meter switched to read " 6 M 
O U T P U T , " gradually increase drive for 
50-MHz output indication. Peak the 

6-meter mixer-board output tank butter-
fly variable capacitor for maximum indi-
cation. Position the meter switch to read 
grid current, and increase drive until an 
indication of grid current is just apparent. 
This represents the maximum drive level 
at which maximum output will occur 
consistent with minimum distortion. 

The unit is now adjusted for the " 2 M 
S S B " operating mode. Now rotate the 
mode switch to the extreme clockwise 
position, and adjust the controls for 
maximum output while observing the 
drive level. 

Rear panel of tho m u l t i m o d e transmitter. 

final notes 
It may be necessary to alter the value 

of the resistors in the output sampling 
circuit. Try different values near 27 kil-
ohms until a good meter deflection is 
obtained at maximum output. 

For a-m operation, tune for maximum 
output in the ssb mode first, then switch 
to the a-m mode position. The 50-MHz 
a-m input source must be attenuated to 
produce about one-half the ssb-mode 
output as indicated on the meter. Modu-
lation up to 100 percent will then be 
amplified linearly. Peak envelope ssb out-
put is about 50 watts, while output on 
a-m is about 12 watts on either band. 
Third-order distortion products on 144 
M H z measure about 30 dB down. 

reference 

1. D. W. Bramer, K2 ISP, "Heterodyne Trans-
mitting Mixers for Six and Two Meters," ham 
radio, April, 1969, p. 8. 

ham radio 
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Articles published in the amateur litera-
ture on the subject of the Smith chart1 

have been of more academic interest than 
practical value. How many hams, for 
example, have slotted-line and swr— 
indicator facilities appropriate to the fre-
quencies involved? The little device des-
cribed in this article can be built by 
anyone and will provide useful data for 
antenna measurements based on the 
Smith chart, even for the "dc bands." 

basic bridge circuit 
The need for more accurate evaluation 

of a recently erected 15-meter quad was 
indicated when a borrowed vswr meter 
provided a value that was obviously too 
good to be true. The bridge described 
here was the outcome and has provided 
much useful information. 

The basic bridge circuit (fig. 1) will 
measure a purely resistive load with ac-
ceptable accuracy; but when a reactive 
component is present, the null will not 
only be broad, it will be displaced and 
therefore inaccurate. 

Several methods are available for bal-
ancing and measuring the reactive com-
ponent, but the simplest appears to be 
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placing a paraliel-resonant tuned circuit 
across the load, as shown in fig. 2. By 
detuning this circuit from resonance, it's 
possible to introduce a controlled oppo-
site reactance across the load and adjust 
the bridge to a perfect null. The reactive 
component of the load is measured by 
the direction and degree of this detuning. 
The equivalent circuit of the antenna 
therefore is represented by a resistance 
shunted by a reactance. Because these 
elements are in parallel, it's probably 
more accurate to regard this bridge as an 
admittance rather than an impedance 
bridge, and to perform any computations 
on that basis. 

Two arms of the bridge are made up 
by the 100-ohm linear potentiometer. A 
third arm is a 51-ohm, half-watt carbon 
resistor, while the fourth arm is the load, 
shunted by the parallel-tuned circuit. 

The variable capacitor should be at 
least 250 pF for most applications, while 
the switched coil sections (see photo) are 
merely sufficient in number that reso-
nance on each band can be obtained on at 
least two settings of the selector switch. 
This provides for adjustment in either 
direction from resonance when a complex 
load is present. 

calibration 
No measuring device is better than its 

calibration. Many hams may feel they 
have too litt le precision equipment with 
which to calibrate a device of this type. 
However, a nice thing about this bridge is 
that the resistive and reactive controls can 
be calibrated separately. Before wiring 
the bridge, the resistive control can be 
calibrated against a purely resistive load. 
The resistive calibration can even be made 
with a couple of flashlight cells using the 
circuit of fig. 3. A handful of 100-ohm, 
half-watt resistors used in various combi-

RF INPUT 

Rl 1 RS 

0 C 

" N 16 

$ J 
fig. 2 . Modi f icat ion to measure 
complex impedances. 

HF INPUT 
O-

Rl ,, R2 
^ V — 

D C 

" — M — r — ^ — ° 

m 

fig. 1. The basic rf 
bridge. A t balance, 
R 1 / R 2 = R 3 / R X . 

A germanium rather than a silicon 
diode was selected because of its lower 
barrier potential. Although a 100-/iA me-
ter was used, its choice was dictated more 
by small size than current rating. For 
greater sensitivity, the 1.5k isolating resis-
tor can be replaced by an rf choke. 

nations should provide sufficient useful 
calibration points. If you use as many 
resistors as possible (within reason of 
course) in these combinations, individual 
differences will tend to cancel. 

Calibration of the capacitor is greatly 
simplified if you have access to a Q 
meter. Circuit capacitance, and the mini-
mum capacitance of the variable capaci-
tor itself can be ignored, as we are 
interested only in the incremental accu-
racy; i.e., the difference in capacitance 
between any two settings of the dial. A 
handful of silver-mica capacitors of 
known value can be used with a grid 
dipper for the calibration, ignoring any 
points that don't lie on a smooth curve. A 
preliminary calibration by this substitu-
tion method was later repeated, using a 
precision decade-resistor box and a G 

h 

1 
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meter. The difference between the be-
fore-and-after measurements were well 
within 10%, which is a good working 
value around a ham station. 

measurement procedure 
A necessary device for this application 

is a reasonably well-matched 50-ohm 
load. A half-watt, 51-ohm resistor, 
mounted in a BNC connector performed 
quite well. 

setting of the capacitor that was obtained 
with the reference load in place is listed, 
then the resistive and capacitive readings 
with the antenna in the circuit. The two 
capacitive readings for each frequency are 
compared and their differences listed. 
The reactance, which must be computed 
for each frequency (represented by this 
differential capacitance) is then listed in 
the next column. 

Normalized conductance and suscep-

Table t. Data for computing equivalent antenna impedances. 

Freq. R C Ref C A c x G' B' 
(MHz) (ohms) ( P F ) ( P F ) ( P F ) 

21.0 60 20 75 55 137.6 .833 .363 
21.1 61 26 72 46 163.8 .820 .325 
21.2 64 30 73 43 175.0 .780 .285 
21.3 68 29 72 4 3 174.0 .737 .287 
21.4 76 24 71 4 7 158.0 .659 .315 
21.5 81 14 70 56 132.0 .618 .379 

At a given frequency, the rf input to 
the bridge is first adjusted to produce 
full-scale deflection of the meter with the 
controls set at either extreme. The bridge 
is then balanced at this power level 
against the reference load, and the capaci-
tor reading is recorded. The antenna is 

'WV 

KNCmi RESSTOK 
OR 

DECADE BOX 

0 7 / 7 7 r f 

fig. 3. Calibration circuit for 
the resistive control. 

then substituted for the reference load, 
and the bridge is rebalanced. These resis-
tive and capacitive readings are recorded, 
and the process repeated on other fre-
quencies of interest. 

To compute the equivalent antenna 
impedance, (or admittance) a table is set 
up as in table 1. For each frequency the 

tance are next computed for a 50-ohm 
reference level by dividing 50 by the 
measured resistance and the computed 
reactance of the capacitive differential. If 
you're using 70-ohm line, you should 
substitute 70 for 50; otherwise all proce-
dures are the same. If the setting of the 
capacitor was reduced by substitution of 
the antenna for the reference load, the 
susceptance is positive (capacitive). If it 
was increased, the susceptance is negative 
(inductive). 

These normalized admittances can 
now be plotted on a Smith chart, as in 
fig. 4, and successive frequency points 
connected by a smooth curve. This curve 
showed my quad to be resonant at about 
21.15 MHz. As I normally operate ssb at 
about 21.35 MHz, the resonant point 
represented about 4 or 5 inches of wire in 
the length of the driven element. 

smith chart 
To convert your admittance measure-

ments to more familiar impedance values, 
all that's necessary is to replot each point 
on the Smith chart at the same distance 
from the center of the chart, but located 
diametrically opposite the admittance 
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points. When making this transformation, 
bear in mind that when we deal in 
admittances the equivalent circuit is a 
resistive and reactive element in parallel; 
while the equivalent circuit for imped-
ance is a resistive and reactive element in 
series. To return to absolute values from 
the normalized quantities on the Smith 
chart, merely multiply the impedance 
components by 50 or 70, as the case may 
be. 

fig. 4. Admittance plot of 21-MHz quad as 
measured through the SO-ohm coaxial line. 

The distance of the plotted point from 
the center of the chart (fig. 4) indicated 
that the vswr at resonance, (the points 
closest to the center, in this case) is about 
1.5.* Although this is a reasonable figure, 
the match can be improved in several 
ways. First, and most practical, is to 
replace the 50-ohm cable with 70-ohm 
cable. Second, the spacing between anten-
na reflector and driven element can be 
reduced until the antenna input imped-
ance more closely approximates 50 ohms; 
and third, a matching network of some 

*Because the circle through the resonant point 
intersects the R/Z 0 axis on the right-hand side 
of the chart at R / Z 0 = 1.5. Editor. 

kind can be installed at the antenna end 
of the coaxial line. 

Occasionally one hears of someone 
who trimmed the length of his coaxial 
line "to make it load." What probably 
happened was that the antenna was so 
badly mismatched that, coupled with an 
odd length of coaxial line, a shunt reac-
tance appeared across the output network 
that was so large the network just 
couldn't compensate for it. Trimming the 
coaxial line didn't reduce the vswr, but it 
did reduce the reactive component to 
where the overworked matching network 
was finally able to handle the situation. If 
you're forced to this quick and dirty 
solution-, at least the Smith chart will tell 
you exactly how much transmission line 
to remove. In fig. 4 it can be seen that 
moving the impedance plot about .092 
wavelength nearer the load should remove 
most of the reactive component. 

transmission-line length 
A fair representation of what the 

antenna looks like to the feed line may be 
obtained by transferring each admittance 
(or impedance) point toward the load 
(counter clockwise) a distance equal to 
the electrical length of the feed line in 
wavelengths at each frequency. Each 
half-wavelength represents a complete 
revolution around the center of the Smith 
chart. This operation assumes the line to 
be lossless, frequently an optimistic as-
sumption! 

However for this move, the exact 
electrical length of the transmission line 
in wavelengths must be known. One 
method is to disconnect the center con-

"George is one of the silent majority . . 
He can't get his transmitter to work." 
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ductor at the antenna and grid-dip the 
line from the bottom end, coupling to a 
small one-turn coil. Above all don't trust 
the frequency calibration of the grid 
dipper, but check with a good wave-meter 
or calibrated receiver. If the transferred 
measurement points don't center on the 
scaled diameter of the Smith chart, your 
electrical length was inaccurate. Grid dip-

sure the antenna looked like 100 ohms, 
for it could as well appear as 25 ohms to 
the 50-ohm cable. You'll therefore be 
able to tell in which direction the loading 
adjustment should be made. 

Although this type of antenna meas-
urement may seem to involve consider-
able pencil pushing, it results in much 
better than a ball-park estimate. Those 

Inside the admittance bridge. Switched coil sections resonate on each band of interest. 

ping to the odd harmonic nearest the 
operating frequency is probably best, but 
be sure you know which harmonic it is. 
The electrical length of the feed line is 
proportional to the frequency. 

conclusion 
Transferring the admittance or imped-

ance data up to the business end of the 
feedline in this way will give you a piece 
of information otherwise hard to come 
by. Suppose, for example, an antenna 
shows a vswr of 2:1. You can't always be 

microvolts you're able to put into the 
other follow's receiver are expensive and 
hard to come by. It's nice to feel that 
you're getting everything possible from 
your installation because you did the job 
thoroughly, rather than settle for the 
too-frequent lick and a promise of which 
so many are often guilty. 

reference 

1. F. E. Terman, "Electronic and Radio Engi-
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neutralizing 

small-signal 

amplifiers 

How to obtain 

maximum performance 

from preamps 

and converters 

In most of the converters and preampli 
fiers built today the tubes or transistors 
are operated in the grounded-cathode or 
grounded-source configuration. Neutrali-
zation of the amplifier is necessary to 
compensate for the interelectrode capaci-
tance in the tube or transistor. If not 
neutralized, this capacitance allows ener-
gy developed in the output circuit to be 
fed back to the input. The amplifier then 
acts as a tptg oscillator. 

Amateurs unfamiliar with the theory 
of this phenomenon frequently encounter 
instability problems and find amplifiers 
hard to neutralize. This article provides 
basic data on neutralization and gives 
some hints on how to solve this problem. 
A properly neutralized amplifier will re-
ward you with maximum gain and stabil-
ity consistent with minimum noise figure, 
which is especially important at the high-
er frequencies. 

gain measurement 
Amplif ier gain can be measured in the 

usual manner, from input to output. Gain 
in the reverse direction can be measured 
also, and should be zero or nearly so. Fig. 
1 illustrates this concept. 

The interelectrode capacitance in the 
amplifier allows a signal to be fed back 
from output to input. A s the feedback 
capacitance is increased, the reverse gain 
also increases. Thus it is more important 
to neutralize amplifiers at the higher 
frequencies because of the decreasing 
capacitive reactance. 

§ neutralizing methods 
g When neutralization is required over a 
> small bandwidth (as in an i-f amplifier), a 
£ resonant system can be used. A n induc-

tor, L n , is made to resonate with the 
| interelectrode capacitance and any shunt 

capacitance existing in the circuit (fig. 2). 
!§ The inductance value can be approxi-
1 mated by 
ro , J 
2 L = — 
Z' 4n2f2C 

M where f is the mid operating frequency, 
£ and C is the grid-plate or gate-drain 
^ capacitance of the tube or transistor. A 
| large blocking capacitor, C, is inserted in 
5 series with the inductor to prevent short-
g ing the supply voltage to ground through 
g the input circuit. This blocking capaci-

tance must be large enough to offer a 
* negligible reactance at the operating fre-
g quency. Button capacitors are excellent 
^ because of their short lead length. Air-
§ wound inductors are preferred for the 
a> neutralization coil, because they have less 
c stray capacitance than the slug-tuned 
£ type. The neutralization point may be 
<j found by using a tuning wand with a 
tS brass or iron slug at each end. Proximity 
c of the iron slug increases the neutral-
yj izing coil inductance, requiring the coil 
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to be squeezed. Brass decreases the induc-
tance, requiring the coil to be expanded 
to reach resonance. 

At resonance the impedance of a 

tube neutralization 
When tubes are used, neutralization is 

simplified because the plate voltage is 
removed. The neutralizing coil is adjusted 

fig. 1. Ampl i f ier gain can 
be measured in forward or 
reverse direction. In the 
equation for power gain, R 
is the tuned-circuit imped-
ance. 

POWER SAIN = ( e CUT> / R 

| 2 . IE !N)C /R 

f IN E OUT E OUT 

FORWARD REVERSE 

parallel circuit is a resistance that is Q 
times the reactance of either the induc-
tance or capacitance.1 Very high imped-
ances can be developed by parallel reso-
nance. Therefore, a higher-Q neutrali-

c 

fig. 2. Neutral ization scheme for an amplif ier 
operating over a very narrow bandwidth or at a 
f ixed frequency. This is k n o w n as the coil 
neutralizing method. 

zation circuit will result in a larger isola-
tion, as seen in fig. 3. As gain or 
bandwidth increases, the Q or impedance 
of the inductance must be improved to 
isolate the input and output circuits. 
Shunt capacity to ground must be avoid-
ed, which reduces the gain-bandwidth 
product.2 

Neutralization is necessary to reduce 
tuning interaction between input and 
output. Many amateurs simply tune the 
neutralization coil in the amplifier until 
the output circuit doesn't affect the 
input. When the "blurps and squeals" 
disappear, neutralization is considered to 
be complete.3 

for a strong signal applied to the input. 
At the .minimum output point, the coil 
resonates with the grid-plate capacitance, 
and circuit impedance is maximum. A 
simple neutralization procedure can be 
used, requiring a strong local signal to be 
fed to the input and a detector coupled 
to the output. 

fet neutralization 
Field effect transistors are being used 

more today because of their low noise 
figure, ability to accept large signals with 
small cross modulation, and low cost. 
Inside the fet is a capacitance, C r s s : the 
common-source, short-circuited, reverse-
transfer capacitance. This capacitance be-
tween the gate and drain is a parallel 
combination of a voltage-sensitive deple-
tion capacitance and lead capacitance. 
The behavior of the depletion capacitance 
is similar to the variable-capacitance ef-
fect obtained by reverse biasing semi-

fig. 3. Impedance as a function of frequency 
with c ircuit Q as a parameter (parallel-reso-
nant). 
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c o n d u c t o r s . 

Differing from the tube method, at-
tempts to neutralize the fet by minimiz-
ing a signal applied to the input without 
the drain supply voltage applied will not 
work. The junction capacitance changes 
significantly when the supply voltage is 
applied. 

mosfet and grounded-gate circuits 
Neutralization usually may be avoided 

by operating the amplifier in the com-
mon-gate mode. The grounded gate acts 
as a radio frequency shield between input 
and output. Feedback capacitance is no 
longer the gate-drain capacitance, but is 
the source-drain capacitance. 

c 

neutralizing with applied voltage 
The following method can be used to 

neutralize a tube or fet amplifier with the 
supply voltage applied. An rf signal gener-
ator or sweep oscillator is coupled to the 
output circuit, as shown in fig. 4. Genera-
tor level is increased until an output is 
noted by a sensitive detector or receiver 
connected to the input circuit. The neu-
tralizing coi), L n , is tuned for a minimum 
indication at the detector. The amplifier 
is "analyzed backwards" in this method, 
and reverse gain is measured. If a sweep 
generator is used, the oscilloscope presen-
tation would resemble fig. 5. A "suck 
out" will occur at the neutralized fre-
quency,. caused by the isolating high-
impedance resonant circuit. The band-
width of the "suck out" will be deter-
mined by the Q of the resonant neutral-
izing circuit and must be wide enough to 
cover the amplifying bandwidth of the 
amplifier in the forward direction. 

Complete neutralization may still not 
be achieved if stray inductive or capaci-
tive coupling exists within the amplifier 
components or extends to another stage. 
The answer to this problem is shielding or 
rearrangement of components. Proper 
bypassing, with short lead lengths, must 
be maintained to avoid oscillation. 

With the mosfet semiconductor, any 
necessary neutralization is largely due to 
socket-lead capacitance. The feedback in 
the common-source configuration is less 
than that in a vacuum tube in the 
grounded-grid mode. You might get by 

CENTER OF 
NEUTRALIZED 

fig. 5. Oscilloscope display of "suck-
out" at neutralization frequency. 

without neutralization and still have a 
stable amplifier, but the noise figure and 
gain will be improved with it. Once tried, 
it is a simple procedure. 
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1. Frederick Terman, Electronics and Radio 
Engineering, McGraw-Hill, p. 52. 
2. Ibid , p. 415. 
3. D. D. DeMaw, " F E T Converters For 6 and 
2 Meters," QST, May, 1967, p. 11. 
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electronic 
counter dials 

A direct 

frequency readout 

for your 

receiver vfo 

using 

inexpensive ICs 
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One evening at the home of Stan Dixon, 
V K 3 T E , several of the V K 3 gang were 
chatting about things of general interest 
when Harold Hepburn, V K 3 A F Q , men-
tioned that dials for accurate frequency 
indication were difficult to obtain in 
Australia. He was building a two-meter 
receiver using a 10-10.5-MHz vfo and 
wanted something reasonably accurate 
for frequency readout. He asked about 
the possibility of using a built-in electron-
ic counter for the vfo that would indicate 
frequency directly. 

This set me thinking about the 
problem. After considering the many 
angles, I concluded that this would be a 
feasible project, using inexpensive digital 
ICs. This was before any details of the 
signal/one receiver were available, which 
uses a digital dial readout that gives 
calibration accuracy of 100 Hz on each 
band. 

conversion-frequency correction 
All equipment won't necessarily have 

the convenient vfo range that V K 3 A F Q 
had in mind, but may begin at some odd 
frequency. Furthermore, heterodyne con-
version oscillators will have some error 
(unless they're adjusted to exact frequen-
cy), which will be part of the readout. 
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This error may be different for different 
bands. Computer techniques could be 
used to remember the error and add or 
subtract the correction for the conversion 
frequency for each band, but a much 
simpler method is at hand. 

If the bandswitch is provided with 
suitable contacts, the flip-flops in the 
frequency counter can be preset so that 
the counter wil l show the correct 

happening at the right time. 
Some vfo's may tune up on some 

bands and down on others. This sounds 
like the last word in complexity for an 
electronic counter dial, but it's not 
impossible. By using gates that switch the 
circuit to count up or down, a single 
external contact can make the counter go 
either way. Several such circuits appear in 
references 2 and 3. 

INPUT 
O-

m m 

s s 
T 

c i 

rh m 

fig. 1. A decade divider that counts down instead of up. Gating is such that, on leaving zero state, the 
circuit returns to the 9 state directly by inhibiting the B flip-flops and causing the D flip-flop to 
toggle during this condition only. 

frequency at the end of the dial. It would 
be necessary only to note the readout at 
the end of the tuning range, then wire the 
preset terminals of the counter ICs so 
that the additional count at the end-of-
band vfo frequency would set the 
indicator to zero (000.0 kHz). 

backward vfo's 
Many vfo's tune backward: the highest 

vfo frequency is the lowest receiver 
frequency. Most counters count up, not 
down. It would be useful to avoid a 
computer subtraction process. Motorola's 
Application Note AN-2511 states, " . . . a 
ripple counter will count down when the 
complemented output from one stage 
drives the clock input of the following 
stage. . ." Motorola's circuit showing how 
this is done is reproduced in fig. 1. Four 
NOR gates are added to keep events 

time-base generator 
A time-base generator wil l be required, 

as in other counters. If you would like to 
have an accurate frequency standard4,5 it 
would be worthwhile to combine func-
tions and use this accurate base for the 
electronic counter dial as well. However, 
if you wish to settle for a dial that 
displays only four digits (three for 
integral kHz and one for tenths of a kHz), 
some inaccuracy can be accepted. Two 
decades of the counter won't have any 
readout. You could use the 60-Hz 
power-line frequency to generate the time 
base. The time-base generator may 
require only four dual JK flip-flops for a 
one-second count. Hewlett-Packard, in 
the instruction book for their little 
four-digit counter, states that an accuracy 
of 0.02 percent or better is expected 
from the use of the power frequency for 
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gating. 
I have completed experimental work 

using the power-line frequency for gating. 
A report on this will be in a forthcoming 
article. It confirms that the inaccuracies, 
which are within 0.02 percent, will not 
affect a counter dial with two digits not 
displayed. It appears that you may expect 
an error of one or two counts (tenths of a 
kHz) occasionally in a four-digit dial 
indicator readout that displays kHz and 
tenths of a kHz in four digits. This should 
be good enough for tuning indicators. 

display methods 
It's possible to count vfo frequency, 

store the count, and display only the last 
completed count until it must be 
changed. (See the data on the Fairchild 
CL 9959 buffer-storage element and the 
CL 9960 decimal-decoder driver.) The 
count can remain unchanged until some 
later count requires the readout indicator 
to change to a new frequency. However, 
although storage, decoding, and lamp-
driver ICs are available, we can get along 
with something even simpler. 

Let's say we can use some of the 
available percent error to reduce the 
count period to 0.1 second rather than 
the more common 1-second interval. 
Without storing, or blanking the indicator 
during the count, we would then have 0.1 
second during which the indicator runs 
through a count and gives no clear 
indication of frequency. This can be 
followed by nearly 0.9 second during 
which an unchanged frequency is dis-
played, even when the dial is being 
turned. 

This action can be accomplished by 
using some of the ICs to produce a 
0.1-second gating input, the total 1-sec-
ond display period, and a preset signal 
before the start of the next count. As 
indicated earlier, this can preset the 
combined heterodyning frequencies for 
one end of the tuning dial, so that when 
the vfo frequency is counted at this 
point, the indicator will show 000.0 kHz. 

The indicator can be any of the several 
types of digital displays. The less-expen-
sive displays, such as the gas-filled 

National Electronics NL-950 shown in 
the Newark and Allied catalogs, cost 
about $6.25 per digit, or $25.00 for the 
entire four-digit display. For those who 
are satisfied with the binary-digital 
combination5 and are willing to read each 
digit in an 8-4-2-1 combination using four 
lamps, a somewhat lower cost is possible. 

conclusion 
Now let's see what we have. Inside our 

set will be a PC board about 4 by 6 
inches, plus some space for the decoding 
gates or lamp-driver transistors. The vfo 
bandswitch will have contacts that preset 
the counter ICs to the correct frequency 
for the end of the vfo tuning range. 

Outside, the unit will have a suitable 
knob with a convenient tuning ratio/but 
no associated indicator. Above it will be 
either four indicating gas-filled tubes or 
four rows of four lamps each for binary 
readout. 

When the unit is turned on, the error 
or drift in the crystal-controlled hetero-
dyne conversion oscillator won't be 
corrected in the tuning readout, but vfo 
error will be. If the knob is turned 
rapidly, the indicator will show an 
approximate frequency at 1-second inter-
vals, thus lagging a bit behind a rapidly 
turned knob. When the knob rests for 
about a second, however, the readout will 
show the frequency to an accuracy close 
to 0.1 kHz. 
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solid-state 
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oscillator-monitor 

for this efficient, 

low-power circuit 
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integrator network 
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Prompted by a recent article in ham 
radio,1 I fulfilled a long-time desire to 
design an audio oscillator that works with 
digital integrated circuit supply voltages, 
produces a clean sine wave at 1 kHz, 
drives a speaker, and is inexpensive and 
easy to build. The result is described in 
the following paragraphs. 

circuit description 
A minimum number of components is 

used in an efficient sine-wave oscillator 
circuit (fig. 2). Transistors Q1 and Q2 
form a high input and low output imped-
ance amplifier, a feature of operational 
amplifiers. A "basic isolated integrator 
network"2 is inserted between input and 
output. The circuit can be made to 

ft? 

- 5 

z fig. t. Optional circuit for volume control. 

48 0 September 1970 



oscillate at the frequency determined by be prevented from heating up by adding ^ 
the network constants by omitting a more resistance in series with the speake 
resistor between the base of Q1 and I don't use a volume control, since tlj 
ground. Slight adjustment in frequency level of my unit is perfect for my 

' 3 . 5 - 4 5V 

f ig. 2. Schemat ic of the 1 -kHz audio osci l la tor . O u t p u t f requency is de te rmined by in tegra tor c i rcu i t 
between Q1 and Q2. 

can be made by changing the value of R3; 
however, don't make too big a change 
since stability may be affected. Q3 oper-
ates as a series switch and is turned on by 
grounding its base resistor. The transistors 
specified for Q3 are germanium types 
because of their low saturation voltage, 
which promotes efficient switching. Q4 is 
an audio power amplifier and drives a 
speaker directly. 

I use a 3.2-ohm speaker in series with a 
22-ohm resistor as a load. Any speaker 
wil l work, even the 40-ohm transistor-
radio types. Use a scope to ensure a good 
waveform across the whole load. Q4 can 

requirements. However, if one is desired, 
see fig. 1. 

power supply 
With a 4-volt supply and key down, 

the total power drain is 35 mA. For a 
power supply you can use three D cells in 
series or obtain 3.6 to 5 volts from your 
electronic keyer. A simple power supply 
is shown in fig. 3. 

Logic levels of 4 to 0.6 volts are 
commonly encountered with keyers. J ^ ' 
would be interested in hearing how t h E , 
circuit can be tied into the many key 
described in the amateur literature. 
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nomograph 

for 

reactance problems 

An easy-to-use 

computational tool 

that lets you solve 

complex inductive 

and capacitive 

reactance problems 

without mathematics 

Nomographs are aids for quickly solving 
many electronic circuit problems. A 
straight-edge placed across appropriate 
scales allows you to solve equations 
without using a slide rule or pencil and 
paper. 

The nomograph in fig. 1 * can be used 
to solve reactance problems when one 
quantity is unknown and two are known. 
Chart A is used to determine magnitude 
and decimal-point location. The signifi-
cant figures are determined from chart B. 

practical example 
Suppose you're interested in a circuit 

g such as that shown in fig. 2. It's a 
Q-multiplier that can be added to your 

0 1 strip for increased selectivity. Let's'say 
c you have an inductance of fairly high Q 
o whose value is 5 mH. You'd like the 
75 circuit to resonate at 1 kHz; what value 
H capacitor should you use in the op amp 
§» feedback circuit? 
O You could determine the capacitor's 
c value by well-known mathematical for-

mulas, but the nomograph of fig. 1 wi l l 
> provide the answer much quicker. Here's 
q how it's done. 
™ In fig. 1A, a line is drawn between the 
| two known values: 5 mH and 1 kHz. This 
J is labeled 1 in fig. 1A. The intercept of 

w line 1 on the X L scale of fig. 1A shows 
g} the inductive reactance of this combina-
" tion to be somewhere between 10 and 
- 100 ohms. 
S Moving to fig. 1B, a line is drawn 
^ between 5 on the L scale and 1 at the top 
§ of the F scale. This location of line 2 was 
j/> 
g *Used by permission of C.M. Marcot t , ed i tor , 

Electronic Products Magazine, Uni ted Technical 
Publications, New Y o r k . 
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fig. 1 A . Reactance nomograph. This chart is used to determine magnitude and decimal location; 
significant figures are found from fig. t B. 

purely arbitrary; the line, in this case, 
could just as easily have been drawn 
between 5 on the L scale and the bottom 
of 1 on the F scale. 

The intercept of line 2 on the X L scale 
of fig. 1B is what's important. It 
intercepts the X L scale at approximately 
3.2. This is the significant figure, or 
decimal multiplier, for the value deter-
mined from fig. 1A. The inductive 
reactance is therefore 10 (from fig. 1A) 
multiplied by 3.2, or 32 ohms. 

determining capacitance 
Returning to fig. 1A, a line is shown 

between 1 kHz on the F scale and 32 

ohms on the X c scale. This is labeled 3 in 
fig. 1A. Line 3 intercepts the C scale at 5 
^xF, which is the desired capacitance for 
C1 of fig. 2. 

An inductive reactance of 32 ohms is 
used to find C1's capacitance, because 
basic theory says that resonance in a 
tuned circuit requires that X c equal X L . 
This is the principle behind the calcula-
tions shown here. The nomograph can be 
used to solve other reactance problems as 
well. 

useful hints 
When working with nomographs, the 

accuracy of the final result will depend 
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fig. IB. Reactance nomograph. This chart is used to find significant figures after magnitude and 
decimal location have been determined from fig. t A . 

on how accurately you draw the connect-
ing lines between the unknowns. Many 
nomographs give you a "ballpark" an-
swer. If you wish to refine the result, 

INPUT 
o-

fig. 2, Basic fit-multi-
plier circuit using an 
operational amplifier. 
Desired resonant fre-
quency is 1 kHz, With 
L = S mH, value of CI 
is easily determined 
from nomograph in 
fig. t . 

OUTPUT 
O 

you'll have to use mathematics. If used 
with care, a nomograph is a great time 
saver and can provide answers with 
accuracy sufficient for most practical 
problems. 

A sharp pencil or draftsman's dividers 
should be used to locate the end points of 
the two unknown variables. Lay a straight 
edge against one leg of the dividers, and 
rotate the straight edge until you pick up 
the other point. Read the value at the 
intercept and mark it down on a piece of 
scratch paper. This will avoid cluttering 
the nomograph, which can then be used 
indefinitely as a computational tool. 
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parasitic 
oscillations 

in high-power 
transistor 

rf amplifiers 
More than one design engineer has gained 
a few grey hairs trying to clean up the 
output of his 50- or 100-watt transistor 
transmitter. The reason is parasitic output 
frequencies, which were not mentioned 
by the textbooks and which may have 
been included in the output-power rating 
by the transistor manufacturer. 

The subject of parasitic output has 
been avoided whenever possible by device 
salesmen, but in reality it's the one big 
reason why transistor transmitters aren't 
found in great profusion. Transistor para-
sitics are unlike tube oscillations, and the 
best solution to the problem is still to be 
found. 

transistor parasitic oscillations 
There are three types of transistor 

parasitics. The first is the free-running 
type. This may be due to tuned or 
semituned circuits that self-oscillate at 
frequencies unrelated to the amplifier 
driving frequencies. The solution is the 
same as in tube design; that is, the 
problem circuit is reduced in Q or de-
tuned. The second and third types of 
parasitics are much more insidious and 
difficult to eliminate. 

The second type is due to the paramet-
rically pumped characteristics of the tran-
sistor and is produced as submultiple 
frequencies of the amplifier driving fre-

o CM 
o oo 
o T3 
«> 
O 
O 
L> 
c 
o 
4) 
C 

0) 
o 

*D 
C 
re 

0> 
Z 
CO 
ps 
r-in CO 

<D * 
& 

c 
o U) 

2 
o cc 

quency. These are very difficult to detect, 
as they are exactly locked to the drive 
frequency and are normally outside the 
range usually checked for spurious re-
sponse. 

The third type is low-frequency noise 
amplification, due again to parametric 
pumping. The low-frequency noise is not 
harmonically related to the amplifier 
drive frequency, but may be of either the 
so-called 1/f origin or from any low-
frequency circuit that can be pumped 
into oscillation. This type of parasitic 
may be noticed as a rough-sounding 
spurious signal in the vicinity of the 
desired signal, or as white noise centered 
symmetrically around the desired fre-
quency. If type 3 occurs it is low in 
frequency, but it will modulate the de-
sired signal in the same way as any 
modulator, except with highly undesir-
able results. 

The last two types may be detected 
indirectly by sudden increases in power 
output, or as changes in collector current 
while tuning. Because most people tune 
for maximum output as indicated by a 
power meter, most likely these spurious 
frequencies will be maximized. 

stabilization methods 
Despite the fact that it has often been 

advocated, detuning the amplifier is no 
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solution to the problem. The real solution 
is to prevent the occurrence of the 
parasitic under any condition. To date 
this has not been possible, but several 
techniques will make rf amplifiers reason-

feedback. The result in a noncurrent-
limited circuit is the immediate burnout 
of the transistor—a very costly fuse! 

Summarizing, at least three types of rf 
transistor parasitics occur. These often go 

fig. 1. This is the brute-force 
method of stabilization, where 
pumped frequencies are swamp-
ed by shorting out low-frequen-
cy power. Values shown are for 
150 MHz. Components marked 
with an asterisk are used to 
stabilize the amplifier. 

INPUT 
O 

zs-zeopF 

I" STRAIGHT 
NO. >4 WIRE 

r h 

I TURN, 3/16 "CHAM __, _ 
NO16 WIRE 
/ w - o > (m\ 

. 1 

m 

zs-zaosf 

25 -eeopF 

ably stable. One method, recommended 
widely, is to prevent low-frequency re-
sponse in the amplifier by using very 
small values of inductance in the base 
return and collector dc feed. Fig. 1 is an 
example. A problem occurs when the 
frequency is reduced in that the chokes 
must be larger, and often the expected 
result happens; that is, parasitics. 

Tube-type neutralization networks are 
generally ineffective. The reason is that 

unnoticed, because they're not at expect-
ed frequencies and are sometimes pro-
duced in ways foreign to tube engineers. 
So far, techniques for parasitic reduction 
leave much to be desired as they are 
brute-force methods rather than elegant 
solutions to the problem. Clean, high-
power rf amplifiers are a possible but 
ticklish proposition and await some yet-
undiscovered technique to produce opti-
mum results. 

1.1 10 turns no. 18 on 1V2" toroidal 
core, Indiana General type Q-1 

L 2 3 turns no. 18 on 2 " toroidal core, 
Indiana General type Q-t 

T1 Primary 7 turns no. 18, secondary 
3 turns no. 18 on IV2" toroidal 
core, Indiana General type Q-1 

fig. 2. A 160-meter stabilized amplifier 
using various methods of reducing types 
2 and 3 pumped parasitics. Components 
marked with an asterisk are used to 
stabilize the amplifier. 6<2V. I AMP 

the transistor capacitance varies at an rf 
rate, while the neutralization components 
are constant. A method I've found useful 
is to suppress low-frequency gain by 
resistive feedback (fig. 2). The cost is a 
smaff amount of fost rf gain (perhaps 1 
dB) and a somewhat increased dc-circuit 
current. The thing to remember is not to 
bias the transistor full-on in the quest for 
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cw transceiver 
operation 

with 

transmit-receive 
offset 

It's easier 

to operate cw 

with a slight 

frequency offset 

between 

direct-conversion 

transceivers— 

here's why 

Recently while playing with a design for a 
direct-conversion cw transceiver, I had 
some thoughts about the significance of 
transmitting and receiving on slightly 
different frequencies, as this design re-
quires. No one seems to have given this 
idea much thought, although many appar-
ently operate this way all the time. My 
first reaction was that there might be 
some situations in which the offset would 
cause real problems—for example, two 
identical transceivers trying to talk and 
getting nowhere because one of them was 
tuned to the wrong side of zero beat. 

My conclusion is just the opposite. 
The offset adds no new problems to the 
operation of the transceiver. In fact, if 
the transceivers are identical (and the 
offsets the same) it's easier to operate 
with the offset than without it. 

frequency offset 
First, the frequency offset occurs in a 

direct-conversion transceiver (fig. 1) be-
cause the vfo must be offset from the 
received signal frequency to produce an 
audio beat note. Since the transmitted 
signal is just the vfo output amplified, the 
transmit and receive signals are different 
by the frequency of the beat note. Fig. 2 
shows a response curve of a cw direct 
conversion transceiver (dct) and how two 
other dcts might communicate with it. 

In fig. 2, the rf response curve has the 
form of the audio filter plus its mirror 
image. The mirror image occurs because 
signals are audible on either side of zero 
beat. 

Stations anywhere under the curve can 
be heard. In looking for a contact trans-

it ceiver one, say, tunes for a signal above 
zero beat and responds. The home rig wil! 

® hear him at f2- Transceiver two tunes for 
§ a signal below zero beat, home hears him 
• at f3. Communication is possible in either 
u case. Note that the beat frequency, al-
8 though different in the two cases, is the 
2E same between pairs of stations. When 
£ home and station one talk, they both will 
| have a beat frequency of f^i; when home 

and two talk, it will be f^- This require-
D0» ment for a common beat frequency may 
$ be disconcerting to operators whose ears 

peak at different frequencies, but it 
« doesn't prevent contact from being made. 
iS Operating with another station that's 
^ not a transceiver is just as simple and 

proceeds as above, except that now each 
^ station can choose a favorite beat note 
G because of the bfo control at the non-
§ transceiver station. 

o 
> calling CQ 
H In answering a CQ with a transceiver 
co the home station does not zero beat, 
"2 because he can't hear the calling station. CO 
•g The home station must tune the call-
£ ing station to one side or the other of 
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fig. 1. A basic cw direct-conversion transceiver. The vfo is common to receiver and transmitter. 

zero beat. The choice will probably be 
made on the basis of least interference. If 
the other station is also a transceiver, 
communication will automatically be 
established. If the other station is not a 
transceiver, the offset probably won't be 
noticed as he tunes for replies. 

In calling CQ with a transceiver, how-
ever, the replying station, if not a trans-
ceiver, will probably zero beat the trans-
ceiver carrier. The transceiver would then 
have to be retuned to hear the reply. On 
the second go-round the replying station 
might think the transceiver has drifted (it 
has, of course), but as long as the replying 

STATION 
ONE 

STATION 
TWO 

f,-fc U hi 
FREQUENCY 

fig. 2. Response curves for three dct's. The 
audio response for each rig is shown on the 
first line. The beat frequencies are the 
difference between carrier frequencies in 
each case: fb1 = f1 — f2 and fb2 = f3 — f1. 

operator retunes only his receiver and 
leaves his vfo alone, communication will 
be established on the second try, and no 
further retuning would be necessary. 

If the transceiver were retuned to 
reply to a crystal-controlled station, no 
contact would be made. This is, of 
course, the same thing that would happen 
with an ssb transceiver. The solution is to 
listen around your own frequency and 
wait for people to come to you, as is 
done on ssb. 

So the offset need not be a problem. 
At least it should be no more of a 
problem than the inability to listen on 
any frequency but one's own, which is 
the characteristic of any transceiver. 

what about audio selectivity? 
Surely, the wide-open bandpass shown 

in fig. 2 is unsuitable in today's condi-
tions. Audio peaking can improve receive 
selectivity, but this introduces a problem 
(fig. 3). Here, both the home station and 
station one have added audio selectivity, 
but at different frequencies. The home 
station is peaked at station one is 
peaked at f^i- Let's say station one is 
calling CQ and the home station hears 
him, tunes him to his audio peak, and 
replies. But home station's transmitting 
frequency is outside station one's audio 
peak and,.therefore, may not be heard. 
Avoiding this situation requires either 
opening the bandwidth of both trans-
ceivers, or standardizing the offset be-
tween them. 

/ recommend offset standardization by 
means of identical peaked audio filters at 
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the two transceivers. Not only is im-
proved selectivity achieved, but a system 
advantage is gained as well. Tuning is 
simpler. Once home tunes the incoming 
signal to his audio peak, communication 
is optimized, because the signal transmit-
ted from the home station will be at the 
audio peak of the other transceiver. One 
envisions highly selective transceivers 
with but one frequency control, which is 
attractive. 

bandwidth considerations 
The best shape for the peaked band-

pass requires careful consideration. A 
sharp peak is desirable from the stand-
point of both offset standardization and 
selectivity. It would be undesirable to 
have too accented a peak, however, as it 
would be hard to hear stations with 
offsets different from your own. Possibly 
6—8 dB would be a good number for the 
peak above the low-frequency response 
level (fig. 4). An optimum width might be 
a few-hundred Hz at the 6-dB points. An 

MOM£ 
STATION 

STATION 
ON E 

r 

l i 1 
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f fit 4*1* 

h 
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fig. 3. T w o dct's with audio selectivity at 
different frequencies. Note that when the home 
station centers his audio peak on station one's 
carrier at f2, station one's audio peak is way off 
the carrier at f1. In this example station one 
wouldn't hear the home station at all. 

ability to hear stations below the peak 
(nearer zero beat) is desirable, so that 
stations which tried to zero beat your 
carrier would be audible. This would 
make the direct-conversion transceiver a 
good performer when working all kinds 
of rigs—not just when working other 
transceivers. 

It's entirely possible to build a direct-
conversion transceiver using phasing tech-

niques that would provide true single-
signal reception with a response on only 
one side of zero beat. It would look much 
like the direct-conversion ssb receiver I 
described in reference 1. I don't believe 
there is any advantage to doing this, 
however, because the sideband that the 
single-signal receiver ignores may well be 
the one on which the responding station 
replies. If such transceivers became com-
mon, it would be necessary to designate 
which sideband was to be used on each 
cw band to ensure that the transceivers 

100 100 Hi 
AT -J OB 

4 0 0 - 8 0 0 Hz 

F R E Q U E N C Y 

fig. 4 . A possible standard passband for 
c w dct's. T h e optimum numbers would 
be determined by in-use testing. 

would communicate. The dsb version; 
i.e., with response on both sides.of zero 
beat, seems the best choice, at least at 
present. 

conclusions 
1. Transmit-receive frequency offset 
is not a hindrance to cw communi-
cation, whether between two trans-
ceivers or a transceiver and regular 
stations. 

2. Frequency offset standardization 
is required if good cw selectivity is to 
be obtained. 

3. This standardization is best achiev-
ed by means of a standard peaked 
filter response to be used in all cw 
transceivers. 

Maybe the cw dct would be the thing 
to get a lot of us back on the cw bands. 
Certainly the simplicity is attractive. 
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by larry alien 

finding faults in rf 
and i-f amplifiers 

What do you do if you can only pick up 
nearby or strong stations? What if they 
come in weak and perhaps noisy? First 
thing you should do is suspect the rf 
amplifiers in your receiver. 

This isn't unusual, particularly with 
transistor front ends. If the manufacturer 
(or you, if the receiver is homebrew) 
designed the rf amp to use the sensitive 
but delicate field-effect transistor, a gate 
punctured by static surge isn't at all 
uncommon. 

The problem lies in recognizing a bad 
front end. If the mixer and i-f stages are 
naturally quiet, and transistor stages of-
ten are, you may not know an i-f failure 
from an rf one. Or the fault may be in the 
automatic gain control (age) system. Only 
careful testing will tell you for sure. 

amplification vs noise 
Familiarity with your receiver is the 

best assurance of knowing when there 
really is trouble. You should get to know 
how much natural receiver noise to ex-
pect when there's no station. 

Then, when suddenly you can't pick 
up stations you know should be there, 
make a listening test. Tune the receiver 
dial to an empty spot. Turn rf and af gain 
up. 

Is receiver noise (the background ther-
mal hiss) up to snuff? If so, the i-f stage 
must be amplifying. Also, the mixer stage 
is probably okay; much front-end thermal 
noise normally originates there. 

Yet, some of today's field-effect tran-
sistor (fet) front ends are too quiet for 
this kind of analysis. It's normal to hear 
almost no receiver hiss. You have no 
choice then but to rely on other testing 
methods. You try to determine rf-stage 
sensitivity. Or, you can just test the stage 
by regular dc-measurement methods. 

what's in a rf stage 
Most of what I say about trouble-

shooting rf stages can be applied to i-f 
stages, too. There's little difference. 

In most a-m receivers, rf stages tune 
over several different bands. The i-f stages 
are fixed-tuned. But it's common to tune 
ssb receivers nowadays by synthesis—the 
same as the transmitter. In that case, the 
receiver rf stages are fixed-tuned. You 
troubfeshoot them the same as i-f stages. 

A typical old-fashioned tube-type rf 
stage is drawn in fig. 1. Only one deck of 
the bandswitch is shown; the input band 
coils are omitted for simplicity. 

Most hams can figure out a way to 
track down trouble if they are sure what 
a stage is supposed to do. I don't mean in 
just a general way, but specifically—each 
part of the stage. Take the stage in fig. 1 
for an example. 

First and foremost are the input and 
output circuits. T1 and C2 are the input 

60 GH September 1970 



coupling components. R1 is the input 
load, decoupled by C3. Ordinary signal 
tracing or injection is the way to make 
sure these components work. 

The output circuit is T2, decoupled by 
C7. Those decoupling components are an 
important part of the input and output 
circuits, so don't forget them when you 
analyze stage operation. 

There are also tuned circuits to con-
tend with, although part of them are not 

lyze the screen or cathode dc circuit. 
The cathode dc circuit, which can be 

considered dc supply even though it's just 
a ground return, is through R2 and R3. 
C4 or C5 can become part of this circuit 
if either happens to short. Otherwise, 
they don't affect cathode dc voltage. 

Notice that R3 is variable. It's the rf 
gain control for the receiver. (In the 
receiver from which this example is 
taken, R3 also is part of the i-f stages. 

( O TO ANOTHER 
I f BANDSWFTCH 
i f DECK, MORE BAND 

t , COILS. AND MIXER 
SM<3£ 

fig. 1. R f stage contains circuits that must be checked individually if you don't use test procedures 
that check overall stage performance. 

shown in fig. 1. T1 and C1 make a tuned 
circuit. But they are in parallel with band 
coils you can't see. The band coils, with 
the inductance of T1, set the band the 
stage is to tune across and C1 tunes the 
specific frequency. If there's a fault in 
one of these coils, that band won't tune 
properly. If the fault is in T1 orC1 ,none 
of the bands tune as they should. 

Next, consider the supply circuits. 
They carry dc voltage to the tube ele-
ments. 

The plate supply is through R6 and 
the primary of 12. Capacitor C7 is 
important in the plate dc supply circuit 
only because of the possibility it might 
short. You therefore must consider it part 
of the plate supply circuit when you're 
diagnosing. 

Resistors R4 and R5 are the chief 
components of the screen supply circuit. 
C6 is a potential part of i t - i f the capaci-
tor happens to become leaky or shorted. 
Leakage in C6 would put voltage intend-
ed for the screen onto the cathode. 
Consider that possibility when you ana-

That connection is omitted here for 
simplicity.) Changing the value of R3 
between R2 and ground varies cathode 
bias on the tube. The pentode is a 
sharp-cutoff type; its gain depends sharp-
ly on its bias. Thus, by changing bias, R3 
controls rf amplification. 

Voltage at the grid is controlled from 
the age stage. The age control voltage is 
fed through R1. Decoupling capacitor C3 
is part of the grid-supply circuit only if it 
shorts or gets leaky. C2 and C3 might 
become part of that circuit if either went 
bad. 

There's another resonant circuit. It 
isn't tunable. It may also be called a trap 
circuit, because that's what it's therefor. 
L1 and C3 form it, and it's resonant to 9 
MHz, the i-f of this receiver. It traps out 
any stray 9-MHz signals, preventing them 
from being amplified and running 
through the mixer to upset the i-f stages. 

That about sums up the circuits in this 
rf stage. Input, output, tuning, bypass or 
decoupling, and trap: those are the sig-
nal-carrying circuits. Plate supply, screen 
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supply, cathode return, and grid bias: 
those are the dc-carrying circuits. You 
have to consider each when you set about 
troubleshooting an rf stage like this one. 

transistor rf stages 
The transistor input stage from one 

receiver is drawn in fig. 2. Vou can 
probably identify the circuits. They may 
look a bit different from those in fig. 1 
because they're in a transistor stage. 

The input circuit comprises L I , C1, 
C2, and both R1 and R2 as load resistors. 
Decoupling for the two resistors isn't in 
the diagram, but it's understood. The age 
line has a bypass capacitor not shown; so 

The transistor is pnp. Therefore, nor-
mal forward-bias operation puts the emit-
ter positive, the base less positive (same as 
more negative than emitter), and the 
collector far less positive (same as far 
negative from the emitter). 

The emitter gets voltage directly from 
a positive 12-volt supply line through R4. 
C3 is the decoupling capacitor, and is a 
concern to the dc circuit only if it shorts 
or gets leaky. 

Collector goes to ground through L2. 
The winding has no appreciable dc resis-
tance, so for dc the collector is grounded. 
That puts it far negative with respect to 
emitter. 

FROM ANTENNA 
PI NETWORK 

FROM 
STAGE 

•O TO ANOTHER 
TUNED CIRCUIT 
AND MIXER 

IS V IZV mcv ONLY) 

fig. 2. Transistor stage differs 
slightly from vacuum-tube t y p e -
inductors are connected different-
ly and it has fewer dc circuits. 

does the 12-volt supply. 
L1 and C1 are fixed-tuned, although 

adjustable with a tuning tool. They form 
a broadband tuned circuit. (This particu-
lar rf stage is part of a one-band trans-
ceiver.) The taps on L1 are for impedance 
matching. 

The output circuit comprises L2, C4, 
R5, and C5. L 2 - C 4 are a tuned tank, 
with R5 as a band-broadening load across 
it. L2 is adjustable for band-peaking. C5 
couples amplified rf energy to the mixer 
stage (through another tuned circuit, 
omitted for simplicity). 

The only other signal circuit is emitter 
bypass capacitor C3. If it opens, substan-
tial degeneration can occur, but it only 
makes the stage weak- i t doesn't make it 
dead. 

There are only three dc supply cir-
cuits. That's because a transistor has only 
three elements to receive voltage. 

The base has the only complicated 
supply network. The main dc comes from 
the 12-volt line through R1. However, a 
connection through R2 lets the actual 
voltage—and therefore bias on the tran-
sistor—be varied by the age line and by 
the setting of rf gain control R3. The 
transistor operating characteristic is such 
that bias controls amplification. Thus the 
rf gain control sets optimum gain of the 
stage, and age varies it to accommodate 
signal strength. 

Of course, C2 is part of the base dc 
circuit only if it comes defective. A faulty 
decoupling capacitor in the age line could 
also affect base bias. You need remember 
these capacitors only if you're trouble-
shooting and find the base voltage is 
wrong. 

external influences 
One other thing you can't forget when 
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you're troubleshooting rf and i-f stages. A 
trouble in the stage may be caused 
somewhere else. 

A blocked i-f or rf stage is common. 
Sometimes, that's traced to an age stage 
overdoing its bias thing. Or, the i-f or rf 
amp may block on strong signals-a sign 
of overload. That, too, may be traceable 
to a faulty age stage—this time not doing 
enough. 

The receiver block diagram is some-
times helpful in spotting stages that affect 
rf or i-f. Some don' t show that much 
detail and you have to rely on your 
ability to read the schematic. Fig. 3 is a 
partial block diagram of the set f rom 

working right is to measure its gain. In 
modern transistor receivers you can ex-
pect to find a voltage-gain factor of 20 or 
more. A tube stage usually gives even 
higher gain. 

You can make this measurement fairly 
easily if the output of your rf generator is 
calibrated. First, clamp the age line with 
whatever dc voltage produces normal 
idling (no-signal) bias on the rf or i-f-stage 
you're testing. That bias is usually written 
on the schematic or on the voltage chart. 

Clip your vtvm to the a-m detector 
output, or through an rf probe to the 
output of the last i-f amp. Feed the 
generator signal to the input of the rf or 

which fig. 2 is taken. Its detail is enough 
to be helpful. 

You might f ind the voltage upset in an 
i-f stage, yet the age stage works normal-
ly. Suspect the s-meter hookup. If any 
part of that circuit shorts to ground, it 
could foul up bias on rf or i-f stages. A 
short inside the s-meter might make t h e r f 
gain control work wrong. 

In other words, examine the schematic 
or block diagram before you go tearing 
into any rf or i-f stage. If external stages 
affect the rf stage, check them out or 
isolate them from the rf stage some way. 

testing rf amplification 
One way to see if an i-f or rf stage is 

i-f stage being measured. Note the dc 
meter reading. Set the generator output 
level for some meter reading that's easy 
to remember. Make a note of the rf 
output level of the generator. 

Move the generator signal to the out-
put of the stage being tested. Turn up the 
generator level until the meter reads the 
same as before. Divide the new generator 
output-level reading by the earlier one. 
The result is the voltage gain of the stage. 

As an example, suppose 0.7 microvolt 
of signal drives the meter to 1 volt dc 
when the generator is connected to the 
stage input. When you connect the gener-
ator to the stage output, you have to turn 
the generator up to 14 microvolts to get 
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that 1-volt dc reading on the meter. 
Dividing 14 by 0.7 gives 20. That's the 
voltage gain of the stage. 

Unfortunately, only the more costly 
signal generators have calibrated output. 
You may have to use a less accurate way. 
It's only relative, and your best bet for 
using it is to make measurements while 
your receiver is working normally and 
record them for reference. 

You'l l need a doubler-type rf probe 
for your vtvm. A suitable circuit is 
sketched in fig. 4. It's more sensitive than 
the ordinary single-diode probe. The vtvm 
should be a very sensitive one, with 
lowest full-scale reading 1.5 volts or less. 

Again, clamp the age. Turn the rf gain 
control wide open. Keep the generator 

Unmodulated. 
Feed the rf signal to the antenna input 

jack. Tune the generator to the center of 
the band if the stage is fixed-tuned; if the 
stage is tunable to one frequency, set the 
generator precisely to that frequency. 

Connect the vtvm probe first to the 
base of the rf transisto*. Set the meter on 
its lowest range. Turn up the generator 
signal until you get a perceptible reading 
on the meter. Then set the generator 
output for some very small but definite 
voltage indication—say 0.01 volt. Don't 
change the generator setting. 

Move the vtvm probe to the base of 
the mixer. The reading should be much 
higher now—say nearly 0.2 volt dc. That 
represents a gain of about 20 if you're 
using the doubler probe. 

Obviously, these figures are approxi-
mate. Voltage gain for a tube is roughly 
the same. For tubes or transistors, how-
ever, the surest system is to make a 
record of normal amplification while 
your receiver is new. Then use the same 
measurement method when you test on 
the repair bench. 

do troubleshooting 
You should already know the methods 

of tracking down the cause of incorrect 
dc voltages on an rf stage. You might 
want to make dc tests before you go to 
the trouble of putting the rf probe on 
your vtvm. 

But usually you'll find that kind of 
fault is obvious-as when the stage is 
completely dead. It's for subtle weakness 
or abnormal overloading you need to 
clamp the age and test stage gain. Then 
you can hunt down the small voltage 
problem—or bad transistor or tube—that's 
causing the trouble. 

checking the stage another way 
You can also use a form of signal 

injection. Connect the vtvm, without a 
probe, to the a-m detector of the receiver. 
If it's handier, keep the probe on the 
vtvm and connect it to the i-f input of the 
product detector (or at the output of the 
last i-f amp). Clamp the age as before. 

Connect the rf signal generator, tuned 
to the rf frequency as already described, 
to the input of the mixer stage. Turn up 
the generator output just enough to cause 
a reading on the meter. Make a note of 
the reading. 

Move the generator back to the input 
of the rf stage. Note the increase in the 
reading. The dc-voltage increase should be 
about the same as the one already des-
cribed. Without the doubler probe, a 
10-times increase means about 20 gain 
in the rf stage. With a doubler probe 
instead of the set's a-m detector, a 20-
times increase means roughly 20 gain in 
the rf stage. 

Now go a step further. Be sure you've 
got the generator frequency set precisely. 
Try tuning the coils in the tuned circuits. 
If the meter reading doesn't vary, the 
coils may be at fault. Before you replace 

fig. 4. Circuit for a voltage-doubling probe 
you can use with a vtvm to measure relative T!P 

rf signal levels in rf and i-f stages. Entire 
probe should be shielded to prevent hand 
papacitance from upsetting the reading. 

m 
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them, though, make sure the capacitor 
that decouples each coil is not open. 

Finally, if tuning is erratic and you 
can't seem to make head nor tails of how 
the coils tune, check the bypass capaci-
tors on the supply lines and on the age 
line. One of them may be open. 

looking to the future 
Remember that the ways of checking 

rf stages outlined here can be used just as 
well with i-f stages. 

There's still another way of trouble-
shooting rf and i-f stages: with sweep 
alignment. Unfortunately, no inexpensive 
sweep generator available today goes 
down far enough in frequency. 

In a future column I'm going to show 
you how to make your regular sweep 
generator go down far enough to sweep 
60-kHz, 455-kHz, and other i-f amps. 
You can do it without modifying the 
instrument you have. 

First, though, there's a new trouble-
shooting system that has come to my 
attention. It's called 1-2-3-4 Servicing by 
its originator, Forest H. Belt. In the next 
issue of repair bench, I'll tell you what 
1-2-3-4 Servicing is all about. That'll 
prepare you to understand what goes on 
when you use the sweep-alignment 
method of rf and i-f troubleshooting. 

ham radio 

NEW 
100 KC CRYSTALS 

HC 13/U case _ $3.95 
Crystal socket for HC 13/U clip down hori-
zontal mount type .49<f ea. 
Nl-Cad BATTERIES Nylon case KAP10 1.2 
Volt 95 Amp. hour 11%"H x 5»/4"D x 3"W 
Like New $12.95 
5 batteries with connecting bracket $59.00 
METER 2Vi" Round 0-250 V AC 60 eye 
NEW $3.49 ea. 

VARIABLE CAPACITORS 
Johnson #157-5 5 to 75 PF. 75<! 
Johnson 5KV .5 to 12 PF. „95<> 
Variable 5 Section 465 per sec % " shaft 

$3.49 
CERAMIC TRANSMITTING 

Door Knob Capacitors 
40 PF 5 KV 49<! 
50 PF 7.5 KV 49<* 

500 PF 20 KV 75<" 
600 PF 12 KV 75* 
NEON PILOT LIGHTS snap in type 7/16" 
hole w/resistor 3/$1.00 

INTEGRATED CIRCUITS 
FACTORY FRESH 

NO REJECTS with spec sheet 
— FAIRCHILD — 

fill 
UL 900 Buffer J„!.L ...... 804 
UL 914 w/30 projects diagrams 80<< 10/$7.50 
UL 923 J.K. Flipflop $1.50 10/$13.50 

— MOTOROLA — 

MC 789P Hex Inverter 
MC 724P Quad 2 Input Gate 
MC 799P Dual Buffer 

CHOICE $1.10 10/$9.95 

MC 790P Dual JK Flipflop 
$2.00 ea. 10/$1&95 

MC 780P Decade — $3.50 
MC 767P Quad latch — $3.50 
MC 9760P Decoder Driver — $5.50 

ALL THREE FOR $11.95 

COOLING FAN blower, 4 
pole llOv 60 eye motor 
with 4 bladed nylon fan. 
Very quiet, about 50 CFM. 
2>/<» W x 3" H x 2»/«" D. 
Shipping weight 3#. 

$2.25 ea. NEW 

"Don't ever let it slip to my wife 
that field day isn't the second and 

fourth Saturday of every month . . ." 

RELAYS NEW 
Potter & Brumfield PR 7A 115V 60 eye 
DPST NO 25A $2.95 
Struthers Dunn 1BXX129 110V 60 eye DPST 
6 Amp $2.49 

R & R ELECTRONICS 
311 EAST SOUTH ST. 
INDIANAPOLIS, IND. 
46225 
317-638-7213 phone 

$2.00 minimum order FOB Indianapolis. 
Please add sufficient postage, we refund 
unused amount. Indiana customers add 

2% sates tax. 
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protection for solid-state 
power supplies 

The current crop of Heathkit solid-
state power supplies is great. I have three 
of them, which I use in ham work and in 
areas far removed from hamming. Some 
problems developed with these supplies, 
and the purpose of this note is to 
recommend a slight design change that 
you can make to protect your power 
supply. Even if your supply isn't a Heath-
kit-home brew, for example, but using 
similar circuits—you might consider this 
inexpensive way to add protection against 
external influences. 

Many experimenters have surplus re-
lays, especially the 28-volt type with coils 
that require about 200 mA for operation. 
It is convenient to test them with a 
solid-state power supply. The stored ener-
gy in the relay coil can develop quite a 
wallop when the circuit is opened to 
de-energize the coil. Standard practice is 
to connect a diode across the coil to 
suppress the stored voltage. However, 
when checking many assorted relays, the 
tendency is to go the easy way and take a 
chance that the switch gap, upon open-
ing, will dissipate the stored energy. You 
might get away with this a few times, but 
not for long. Sooner or later a large 
negative voltage spike will back up into 
the power supply, and you've got prob-
lems. 

The easiest way to protect the supply 
in this case is to add a diode across its 

tebook 

output terminals. Solder the diode to the 
lugs on the back of the binding posts, 
cathode to positive; anode to negative. A 
1N4003, 1N538, 1N645 or similar type 
will work. Any negative transients trying 
to sneak back into the supply will be 
shorted to ground at the terminals. So 
much for protection from one external 
influence. 

Another external influence is a short 
circuit, often a dead short, across the 
supply. Heath has a dandy circuit that 
cuts off the current when a short circuit 
is sensed. Upon removal of the short, 
current is restored, and no harm is done. 
The Heath circuit contains two supplies, 
each mutually independent. One is the 
heavy-duty supply, which provides power 
to the load. The other is a zener-regulat-
ed, constant-voltage reference source. 
Across this source is a potentiometer that 
provides a variable voltage. The positive 
terminal of the reference source is tied to 
the positive terminal of the power supply. 
The pot output is applied to the base of 
an error detector/amplifier transistor. 
During normal operation, the unregulated 
supply will attempt to match the level of 
the reference-supply voltage. The error 
detector senses the difference between 
these voltages. The result is a slightly 
positive voltage at the error-detector tran-
sistor base. As the pot is varied, the 
output voltage will tend to follow the 
reference voltage. 

Suppose a short circuit develops. The 
current-limiting circuit will reduce output 
current to near zero, reducing the output 
voltage to near zero. The voltage differ-
ence at the error-detector transistor base 
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fig. 2. Isolation circuit "rvac 
for use with Heath 
HG-10B vfo and HD-10 
key er. 

TO CSC 
GRID 

wil l be some voltage between the output 
voltage (zero) and the reference voltage-
anything up to 35 V, for example. Since 
the reference voltage is negative wi th 
respect to common, the ful l negative 
reference voltage wil l appear at the error-
detector transistor base, instantly zapping 
the transistor. 

To prevent this disaster, Heath uses a 
diode in series wi th the error-detector 
transistor base. The diode wi l l pass cur-
rent in the positive direction only. How-
ever, if regulation is lost (this happened 
to me), the output voltage wi l l shoot up 
to the ful l unregulated amount, say 50 V. 
As before, the error detector wi l l sense 
the difference between output and refer-
ence voltages; except this time about +15 
V wi l l appear at the error-detector transis-
tor base. Here the diode offers no protec-
tion; its job is to protect the supply in the 
event of a short circuit. The relatively 
high positive voltage on the error-detector 
transistor base wi l l pass a high current 
through the base-emitter junction, and 
ZAP! 

REFERENCE 
SOURCE ADCED m/IUtlUN 

turns toss or 
CONTROL 

- BUILT-IN PROTECTION 
DURING SHORT 

fig. 1. System used by Heath to protect their 
power supply. Resistor was added by author. 

The answer to protection during loss 
of regulation is extremely simple. A 
resistor is placed in series wi th the error-
detector transistor base, as in fig. 1, to 

l imit base current. The cost in perform-
ance wi l l be a slowdown in supply re-
sponse—about 15 ns. 

reference 

1. Heathkit Manuals for Model IP-18 and 
IP-28. 

Frank Case, W3NK 

independent keying of 
Heath HG-IOB vfo 

For owners of the Heathkit HG-10B 
vfo who might wish to make it indepen-
dent of other equipment, the following 
idea wi l l be helpful. My vfo is keyed wi th 
a Heathkit HD-10 keyer. The problem 
was how to use this model keyer wi th the 
vfo. The instruction manual for the keyer 
warns against using a voltage above —105 
V. 

The circuit of fig. 2 shows how I 
solved the problem. All components ex-
cept the transformer and fuse holder were 
mounted on a small piece of Vector 
board. The existing 4-conductor cable 
was removed and replaced wi th a length 
of ac cable. The fuse holder was mounted 
between the key jack and ac cable. The 
transformer, an inexpensive Japanese 
unit, was mounted vertically on the 
underside of the chassis next to the 
mode-switch wafer. The Vector board 
wi l l f i t nicely between the transformer 
and the rear chassis wall next to the 
terminal strip holding the neon lamp. 

The connection f rom the key jack was 
removed from the cathode circuit and 
connected as shown. No switch was used, 
as I intended to leave the vfo on constant-
ly. James H. Crouch, K4BRR 
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01. OS ' SOPIV DIODE 
fig. 3. CW break-in control circuit using ICs. 

break-in confrol system 
For really fast and effective cw break-

in, many amateurs use separate transmit-
ting and receiving antennas. With such an 
antenna system and fairly low power 
(under 100 watts output) the control 
circuit described here is al! that's required 
for full and complete break-in operation. 
It uses the old idea of inserting additional 
resistance in series with the receiver gain 
control when the key is down to auto-
matically decrease receiver gain and pre-
vent overload. This method also allows 
the transmitted signal to be monitored in 
the receiver. 

Fig. 3 shows the circuit. When the key 
is up, U1A turns on, and the output at 
pin 7 goes low (0 volts). The output of 
U1B goes high because both its inputs are 
low. This turns Q1 off and Q2 on, so that 
the transmitter keyed circuit is open, and 
the auxiliary gain control is shorted to 
ground. The receiver now has full gain. 
Closing the key causes U1A to turn off, 

the output at pin 7 goes high, which 
forces the output at U1B pin 6 to a low 
state. As a result, the transmitter is keyed 
and the auxiliary gain control decreases 
receiver gain to its preset level. 

Since I have two types of transmitters 
(cathode and block-grid keying), I added 
a negative source of voltage and Q3 to 
key the grid-blocked rig. With the key up, 
the positive voltage on U1B pin 6 over-
rides the negative supply at Q3's base, 
holding it off until the key is closed. 

This new system replaces a dpdt relay 
and its keying circuit. In addition it 
provides for independent cathode and 
grid-blocking keying of different trans-
mitters. I'm breaking only about 20 Vdc 
with Q1 and Q2, so the devices shown 
work fine. The 2N398 would be required 
for most grid-blocked keying systems. 

The whole thing could be powered 
from a few dry cells, but the surplus 
transformer was available to make the 
system operate on 117 Vac. 

Cal Sondergoth, W9ZTK 
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ssb input source 
for vhf, uhf trcmsverters 

Many amateurs require a good vfo for 
use in the vhf/uhf bands. The 28-MHz 
output of an ssb transceiver or trans-
mitter can be used as an input source for 
an up-converter to obtain the desired 
vhf/uhf frequency. It's highly desirable to 
maintain the original modulation system 
of the transceiver or transmitter. 

For output on 144 MHz, one could 
use 166 + 28 MHz; for 432-MHz output, 
the conversion can be made by mixing 
404 and 28 MHz. The best method to 
obtain output on 1296 is to use 28 + 518 
MHz, then mix the 546-MHz resultant 
signal with 750 MHz. This method will 
avoid all frequency components except 
the desired one. 

£8 MHz INPUT 
FROM I2BY7 

zawh out 

SO OHMS 
o 

12 VAC O 

fig. 4. Ca thode fol lower for efficient power 
transfer f rom transceiver to transverter. 

It's possible to obtain the 28-MHz 
source form the transmitter or transceiver 
by (a) running the output into a dummy 
load and feeding a certain amount of 
energy through a small capacitor to the 
transverter, or (b) feeding the output to 
the transverter through an attenuator. 
These methods are inefficient and waste-
ful of power. Therefore, I've taken a new 
approach to the problem. 

I use a type 6HM5/6HA5 tube in a 
cathode follower (fig. 1). This tube is 
very small, like the 6AK5. The circuit is 
installed on a little subchassis, which fits 

nicely in the 6JB6 input compartment of 
my TR4. The output bnc connector is at 
the rear, close to the 6JB6 output com-
partment, and is mounted with the switch 
on a small panel. When the switch is on, 
the 6JB6's are disabled, and no power is 
wasted. 

The output impedance is given by 
Z o u t = 1/S - 1/0.02 = 50 ohms, where S 
is the tube transconductance. With 135 V 
on the plate, this tube has a transconduc-
tance of 20k jumhos. This results in a 
normalized value of 50 ohms output 
impedance. 

Because the input impedance of a 
cathode follower is high, only a very 
small amount of capacitance is needed to 
feed the 28-MHz signal from the driver 
stage, and no misalignment will occur. 

Using this method I can obtain 1 - 1 0 
volts of cw or ssb signal; it also works 
well on a-m. The stability of the vfo is the 
same as in the HF bands. The overall 
stability is determined by the crystal 
oscillator. I've been using this addition to 
my TR4 for two years on 144 and 432 
MHz with very good reports. The idea can 
be used in other ssb equipment with 
equal results. 

Jacques Mainardi, F8MK 

home-made heat sinks 
Anyone who works with solid-state 

devices knows that when a large amount 

of power is applied to a transistor, a heat 
sink is required. 

Many tv, fm, and other commercial 
broadcast stations use tubes such as the 
4CX250 and similar types. In most cases 
these tubes aren't worth rebuilding when 
they go bad and can be had for the 
asking. 

I found that by cutting the top section 
from the tube, plus a small amount of 
filing (and in some cases a little ingenu-
ity}, an excellent heat sink can be made 
for many power transistors. The conven-
ience of having the heat sink around the 
transistor, rather than spread out along 
the chassis, can be realized. 

Greg Larsen, WA0WOZ 
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ssb,cw transceiver 

Allied Radio has introduced a new five 
band ssb/cw transceiver that covers the 
range from 3.5 to 29.7 MHz in seven 
bandswitched ranges. The new transceiver 
features a solid-state vfo circuit with a 
linear tuning system that permits accurate 
readings to 1 kHz on all bands. The 
transceiver has built-in sidetone, vox,ptt, 
fast or slow age, 25-kHz crystal calibra-
tor, receiver incremental tuning and 
sharp-cutoff crystal filters, including a 
500-Hz filter for cw work. 

Power input is 160 watts from 3.5 to 
21 MHz, and 120 watts on ten meters. 
Carrier and sideband suppression are 
rated at -40 dB. Receiver sensitivity is 0.5 
/xV for 10-dB signal-to-noise ratio (3.5 to 
21 MHz, 1.5 on 28 MHz). Selectivity 
on ssb is 2.4 kHz at -6 dB, 4.8 kHz at -60 
dB. On cw the selectivity is 500 Hz at -6 
dB and 1.5 kHz at -60 dB. 

The Allied A-2517 transceiver is priced 
at $400. The A-2518 matching speaker/ac 
power supply is $99.95. A matching 

external solid-state vfo, the model 
A-2519, provides increased versatility by 
allowing transmit and receive operation 
on different frequencies; price is $89.95. 
Allied products are available exclusively 
through Allied Radio Shack stores, or by 
mail. For further information, write to 
Allied Radio Shack, 100 N. Western 
Avenue, (Chicago, Illinois 60680. 

transistor manual 
The new edition of the RCA "Transis-

tor, Thyristor and Diode Manual" in-
cludes the latest available information on 
basic technology, operating principles, 
characteristics and ratings, applications 
and test of RCA semiconductors. This 
new manual is 20 percent larger than its 
predecessor and continues as an author-
itative reference on bipolar transistors. In 
addition, it provides information on mos 
field-effect transistors, thyristors (scrs, 
triacs and diacs), silicon rectifiers and 
other types of solid-state devices. Defini-
tive data are given for more than 900 
different semiconductor devices; compre-
hensive data and design curves for transis-
tors and thyristors are provided. In addi-
tion, tabular data are given for silicon 
rectifiers, other semiconductor diodes 
and discontinued transistor types. 

In the circuits section of this manual 
schematic diagrams, detailed parts lists 
and descriptive writeups are provided for 
38 practical circuits. Most interesting to 
the amateur radio experimenter are a 
mosfet preamplifier for 6, 10 and 15 
meters, a two-meter converter, a stable 
vfo (3.5-4.0, 5.0-5.5 or 8.0-9.0 MHz 
output), microphone preamplifier, 40-
watt 50-MHz transmitter with load mis-
match protection, transistor dip meter 
and an electronic keyer. Other applica-
tions include fm tuners, an fm stereo 
multiplex demodulator, hi-fi amplifiers, 
power supplies and voltage regulators, 
battery chargers, an electronic heat con-
trol unit, light flashers and dimmers, and 
several digital circuits. 656 pages. $2.50 
from your local RCA distributor; ask for 
Technical Series SC-14. 
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uhf wave dip meter 

A new solid-state uhf wave/dip meter 
and marker oscillator has been introduced 
by the Melsey Corporation. This new 
instrument provides continuous tuning 
from 400 to 1150 MHz. Frequency read-
out-by the use of a 30-inch steel tape—is 
better than 1%. Design features include a 
battery-operated transistor oscillator in a 
cavity configuration that is tuned by a 
precision glass-invar capacitor. The instru-
ment has an outside coupling loop for 
general use, and a miniature coaxial re-
ceptacle for direct connection with 
50-ohm coax cable. The connector assem-
bly can be rotated to obtain variable 
attenuation (30dB minimum) 

In addition, special applications are 
possible with modifications developed by 
the manufacturer. With a minor adjust-
ment the output of the unit can be 
increases to function as a local oscillator 
for uhf mixers. It can also be tracked to 
an rf circuit, or used as an fm, a-m or 
pulse modulated signal generator or target 
transmitter. The SN-2 wave/dip meter is 
$185 from Melsey Corporation, 202 Carle 
Road, Carle Place, L. I. New York 11514 

fet applications handbook 
If you're looking for practical design 

data on field-effect transistors, this new 
expanded 2nd edition by Jerome Eimbin-
der, managing editor, EEE Magazine, con-
tains nearly 25% more material than the 
previous volume. The in-depth informa-
tion furnished by editor Eimbinder will 
be of immediate value to anyone looking 

for new ideas and unique fet circuit 
applications, including many basic fet 
circuit descriptions. Contents include 
introduction to the fet and basic fet 
characteristics, biasing fet stages, fets as 
oscillators, low-noise audio preamplifiers, 
source followers, phase splitters and 
switches. Also included are fet measure-
ments, the photo fet, mosfet biasing 
techniques and fets as voltage-controlled 
resistors. The appendix includes often-
needed data and charts arranged to serve 
as a convenient quick-reference source. 
352 pages. $14.95 from Tab Books, Blue 
Ridge Summit, Pennsylvania 17214. 

ic breadoard socket 

Vector Electronic Company has an-
nounced a new breadboarding socket that 
is designed for 12-lead TO-5 integrated 
circuits. The device consists of an epoxy-
glass wafer with a 12-pin socket, the tabs 
of which have been soldered to two 
adjacent rows of solderless Springe!ip 
terminals. The board is furnished with 
two pins on the bottom that may be press 
fitted into pre-punched terminal board 
with 3/32 inch holes such as AA-pattern 
Vectorboard. 

This new breadboard socket simplified 
integrated-circuit experiments because as 
many as four solderless connections can 
be made quickly to any terminal pin, and 
the user may use as many ICs as he needs 
by simply using additional breadboard 
sockets. The price of the 570F IC socket 
is $3.95 and may be ordered from the 
manufacturer, Vector Electronic Com-
pany, Inc., 12460 Gladstone Avenue, 
Sylmar, California 91342. 
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IT'S WHAT'S INSIDE 
THAT "COUNTS" 

Accuracy and stability has been 
placed first in the design of the TBL-1 
Marker. We feel a marker should be more 
accurate than the receiver it is going to 
calibrate — so no compromise has been 
made with quality. 

Fairchild, Motorola, JFD, Jan, Mal-
lory, IRC and Keystone components are 
used throughout. It costs more, but 
calibrate with the best. Hundreds have 
been sold* to government, amateurs, 
SWL's, schools and laboratories around 
the world. 

Try one today. 

Frequency marker, less cabinet and switch 
Specifications: Glass Epoxy Board. Adjustment 
to zero beat with WWVT Uses 100 KHz crystal 
(not supplied). 3 to 4 VDC. Compact — 1.75 x 
3.75 inches. Install anywhere) 
Complete easy-to- t i e en Wired and e iQ QC 

assemble kit Tested 

SWITCH $1.00 CRYSTAL ONLY $3.50 
with purchase of any of above 

or 

SELF-CONTAINED UNIT 
The TBL Marker is a complete unit includ-

ing the circuit board shown at left and powered 
with 3 " C " type flashlight batteries. Merely 
connect to your receiver antenna — no internal 
wiring necessary. A front panel control allows 
zero beat with WWV. 

Spec ia l Introductory price &OQ Q1 
Less crystal and batteries v * - " - " " 

P O S T P A I D U.S.A. 
SOLD WITH MONEY BACK GUARANTEE 

THE RADIO SHOP, LAB 1 
48 ELM STREET, NEW CANAAN, CONN. 06840 

Tel. 203-966-3553 

ambient compensator 

Isotemp Research, Inc. has recently 
announced an ambient temperature com-
pensator for quartz crystals that uses a 
proportional solid-state control circuit to 
maintain crystal temperature within 
±0.05° C at constant ambient temper-
ature and constant voltage supply. The 
set temperature of the unit is 75 ±2.5° C. 
Warmup time is approximately 6 minutes 
from -30° C. Maximum power demand is 
4 watts; approximately 1% watts are 
required to maintain crystal temperature 
at -30° C ambient. Required supply 
voltage is 12.0 Vdc (6 Vdc to 24 Vdc are 
standard, 28 Vdc to 48 Vdc are avail-
able). 

The model 1CL6P-2 ambient compen-
sator is designed for one HC-6/U crystal 
holder, the model 2CL6P-2 holds two 
HC-6/U crystals. Models are also available 
for HC-13/U holders. The small quantity 
price for the 1CL6P-2 ambient compen-
sator is $10.00. Order from Isotemp 
Research, Inc., 1216 Harris Street, Char-
lottesville, Virginia 22901. Isotemp Re-
search specializes in the design and manu-
facture of temperature-control sub-assem-
blies for electronic equipment and offers 
a variety of proportional-control crystal 
ovens in very small packages. 

two-meter amplifier 
The new solid-state two meter power 

amplifier from Dynamic Communications 
puts out 10 watts with a maximum of 20 
mW drive. The 101-500 power amplifier 
operates with a 12-volt power supply and 
is an ideal booster for 2-meter fm walkie-
talkies or as a mobile final amplifier. 
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(With a 6-volt supply the amplifier puts 
out 4 to 5 watts.) 

The DyComm power amplifier is com-
pletely broadbanded and will operate 
anywhere between 143 and 149 MHz 
with no re-tuning. The unit measures 
2x2x6", including the heat-sink enclo-
sure. $59.95 from Dynamic Communica-
tions, Inc., 301 Broadway, Riviera Beach, 
Florida 33404. 

pulse-generator adapter 

The all-new pulse-generator adapter 
from Blulyne Electronics Corporation is 
the answer for the experimenter who has 
a sine/square-wave generator but needs a 
high-speed laboratory-quality pulse gener-
ator. The new pulse generator allows you 
to calibrate your scope at high fiequen-
cies (50 MHz rise time), to test check 
amplifiers for frequency response, to con-
trol chopper circuits, or to test any 
electronic circuits requiring fast rise 
times. The generator features variable 
pulse width from 100 nanoseconds to 
500 milliseconds (50% duty cycle maxi-
mum); pulse amplitude is variable from 
0.6 to 10.0 volts, and rise and fall times 
are each less than 20 nanoseconds. 

The unit may be used with any sine- or 
square-wave generator with an input from 
1 Hz to 10 MHz; input impedance is 5000 
ohms. Two models are available: The 
APG-150 with 50 ohms output imped-
ance, and the APG-100 with 100 ohms 
output impedance. Price of the APG-150 
is S49.95; the APG-100 is $39.95. For 
more information write to, Blulyne Elec-
tronics Corporation, 3 Sand Springs 
Road, Wi l l iamstown, Massachusetts 
02167. 

new 18th Edition of the famous E & E 

Radio Handbook 
by WILLIAM I. ORR, W6SAI 

biggest selling book for the amateur 
Completely revised and updated. This Is the 
comprehensive manual which is (he industry 
standard for radio amateurs, electronics engi-
neers, and technicians. Explains in authorita-
tive detail how to design, build, and operate all 
types of radiocommunlcations equipment. 

LATEST HOW-TO-BUILD DATA 
The new 18th Edition of the famous Editors & Eng 
neers RADIO HANDBOOK presents complete 
sign data on the latest transmitters, receivers, trans-
ceivers, amplifiers, and test equipment. Covers SSB 
design and equipment, RTTY circuits, and latest 
semiconductor circuits, as well as IC's. Also includes 
coverage of r-f feedback amplifiers and special-pur-
pose and computer circuitry. All equipment de-
scribed is of modern design, free of TVI problems. 

COMPLETELY UPDATED—INVALUABLE 
Provides a complete understanding of the theory and 
construction of all modern circuitry, semiconductors, 
antennas, power supplies; full data on workshop 
practice, test equipment, radio math, and calcula-
tions. Includes aspects of the industrial and military 
electronics fields of special interest to the engineer 
and advanced amateur. The 18th Edition of the 
R A D I O H A N D B O O K provides the broadest cov-
erage in the field—complete information on building 
and operating a comprehensive variety of high-per-
formance equipment. All data is clearly indexed. 
896 pages; 6lA x 9"^'; hardbound. 
No. 24020. RADIO HANDBOOK, 18th Ed. , only. $ 13.50 

Order from your electronics parts 
distributor or send coupon. 

EDITORS and ENGINEERS 

Howard W. Sams & Co., Inc., Dept. HR-090 
4300 W. 62nd St., Indianapolis, Ind. 46268 
Send me. .copy (ies) of the new 18th Edition 
RADIO HANDBOOK. 
$ enclosed. • Check • Money Order | 

Name 

Address 

Glty Slate Zip 
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CQ de W2KUW 
WE NEED YOUR SURPLUS TUBES 

1P21 3CX2500 
2C39 3CX3000 
2K25 3CX5000 
2K48 3CX 10,000 
2K (any digits) 3E29 
3-400 3K (any digits) 
3-1000 4-65 
3B24 4 -125 /4D21 
3B28 

4 -250 /5D22 4CX3000A/8169 
4 -400A/8438 4CX5000A/8170 
4-1000A/8166 4CX5000R/8170W 
4X150A 4CX10,000/8171 
4CX250B 4X150G/8172 
4CX250R/7580W 4PR60A or B 
4CX300 4PR (any digits) 
4CX350A/8321 5-125B/4E27A 
4CX1000A/8168 

5R4WGB 304TL 
6BL6 VA (all types) 
6BM6 or 6A 250TH 
6L6 450TH 
7D21 450TL 
8D21 QK (all types) 
9C21 715C 
9C25 802 
75TL 

805 891R 
807 TW (all types) 
810 TWT (all types) 
811A NL (all types) 
812A 4000 series 
813 5000 series 
832A 6000 series 
833A 7000 series 
891 8000 series 

Please send us your surplus inventory 
lists. We want to buy other tubes and 
TX — RX — test equipment. 

5 % Bonus over Best Offer 

The TED DAMES Co. 
30S HICKORY ST., ARLINGTON, N. J. 07032 

Phone: 201 998-4246 

principles of 
electronic technology 

Most textbooks writ ten for electronics 
fall into one of four categories: (1) Texts 
and manuals for engineers, usually per-
taining to theory wi th a mathematical 
approach, generally at the upper college 
level. (2) Texts and laboratory manuals 
for training electronic technicians for 
maintenance of consumer or industrial 
devices. (3) Texts, handbooks and Q&A 
books for preparing the reader for an 
FCC exam, or to build and maintain 
amateur or commercial radio stations. (4) 
Hobby books presented for the casual 
hobbyist and basement experimenter. 

These four classes of books sadly 
neglect a very important category: basic 
electronic theory, presented at a high 
school level of math but wi th attention to 
detail that would do honor to an engi-
neering text. Carl B. Weick's new book, 
"Principles of Electronic Technology," 
fills the gap. 

Weick has done an admirable job wi th 
his book. I t goes into great depth and 
detail in explaining how and why the 
basic circuit elements (R, C and L) 
function. A similar treatment is given to 
the behavior of fundamental ac and dc 
circuits. Electronic devices and wiring 
diagrams are left to other texts. What's 
unique about "Principles of Electronic 
Technology" is the thoroughness with 
which it prepares the student for progres-
sion to other levels of electronic technol-
ogy, whether it be maintenance, engineer-
ing, or being a true amateur of radio. It is 
best suited for study in conjunction wi th 
an organized class. Like many other 
books, though, a home reader wi th real 
determination can master the text quite 
well. This, as always, requires reading, 
rereading, and thinking about each ele-
ment presented, working out every prob-
lem and using every review question. 

Don't be too ready to look down on 
basic electronic theory. There are few, 
other than practicing engineers and in 
structors who deal wi th such topics as 
daily routines, who truly have a compre-
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hensive understanding of the basic sub-
ject. Why? Because engineers touch light-
ly on basics only as a hasty stepping-stone 
to the higher and more complex subjects. 
Once learned, the basics are quickly 
pushed to the back of their minds, to be 
recalled, if at all, only with studied effort. 

Radio amateurs often scan only the 
surface of the basics, grasping only those 
facets we believe will be of use in passing 
the various grades of licenses examina-
tions. We dig a bit deeper when we plan a 
construction project but then only in a 
narrow, specialized field of our imme-
diate interest. If you feel your mastery of 
electronic theory is not as complete as 
you'd like, "Principles of Electronic 
Technology" may be just what you're 
looking for! 

power circuits manual 
The latest edition of RCA ' s "Power 

Circuits Manual" has been updated and 
expanded to include the latest infor-
mation on solid-state power devices. This 
new manual provides design information 
on a broad range of circuits that use 
power transistors, silicon rectifiers, and 
thyristors. In addition, it includes a brief 
introduction to semiconductor physics, as 
well as detailed descriptions of the con-
struction, theory of operation, character-
istics and circuit applications for each 
type of device. 

The large comprehensive chapter on 
high-frequency rf power amplifiers covers 
the design of rf power amplifiers, match-
ing networks, ssb transmitters, microwave 
amplifiers and oscillators, and frequency 
multipliers. Other chapters include recti-
fiers, power conversion, power regulation, 
thyristor ac-line voltage controls, and 
control and low-frequency power ampli-
fiers. If your experimenting covers 
power-type semiconductors, you need 
this book on your workbench. Each topic 
is covered with the usual thoroughness 
that one expects from RCA. 448 pages. 
$2.00 from your local RCA distributor, 
as for Technical Series SP-51. 

HRL D E V I C E S 

iHAiiftig1 

A 

HAL 311BC 
ELECTRONIC 

KEYER 

THE most versatile keyer now available. 
Send for full details on the HAL 311 BC 
and the complete line of HAL electronic 
keyers. There is a model to fit your re-
quirement and budget from $16.00 to 
$48.50. 
Now available in kit form for even greater 
value. 

TOUCHCODER II K IT 
Complete kit of parts, excluding keyboard, 
for the W4UX CW code typer. 
All circuitry, including PS and monitor on 
one G10 glass PC board. 
Transistor grid block and cathode keying. 
Only $45.00. Write for full details. 

R Y R Y R Y R Y R Y R Y R Y R Y R Y R Y R Y R Y R 
HAL RTTY TU/AFSK KIT 

All TU and AFSK circuitry, including PS, 
on one 3x6" G10 glass PC board. 
850,170, and CW ID shifts 
Zener protected transistor loop switch 
High and low impedance audio output 
$40.00 HAL TU/AFSK cabinet $6.50 
R Y R Y R Y R Y R Y R Y R Y R Y R Y R Y R Y R Y R 

HAL 25KHz MARKER GENERATOR 
50 KHz or 25 KHz markers to 144 MHz 
Small 1x2" G10 glass PC board 
Requires 100 KHz signal and 3 vdc 
$4.75 wired, $3.25 kit. Postpaid. 

DOUBLE BALANCED MODULATOR KIT 
For the DBM in March 1970 Ham Radio 
7/8x2" G10 glass PC board 
4 HP 2800 hot carrier diodes matched by 
HAL. 2 Indiana General CF102-Q1 
toroids. 
Instructions included. $5.50 postpaid. 

H M Cantor Oiodn: HP2800. MM. 12/S 10.00 Match*) by H A L . . . «S4.2S 
ICK (flLSOO.914 CM t «J L 923. . . 9W 
MRTL MC7SOP. MCS90P S2 00. I0/S1950 

MC724P. MC780P. MC792P. MC725P $1.05. lQ'Sg.SO 
Also Available MC788P. MC8800, MC767P. MC97G3P. 

OP AMP: SN72709N (OIPI. SN7270W. (T05I . . . $1.60. 7/110,00 
TOROIOS: Indiana ( m n l CF102-06, C F I 0 2 0 I . C F I O I O ? 5W 
C INCH IC » c k « i . M O I P . U C S K M H A L D E V I C E S 

Write for our complete catalog. 
Remit with order; please add postage. 
HAL DEV ICES Box 365H, Urbana, II 61801 
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short circuits 

bed noise blanker 
In the hot-carrier noise blanker circuit 

on page 17 of the October, 1969 issue of 
ham radio the 47k resistor connected to 
pin 4 of the second Nuvistor should be 
connected to pin 8. Pin 4 is connected 
directly to the .005 /uF bypass capacitor. 

digital clock 
Several parts values were omitted from 

the schematic diagrams of the digital 
clock on page 51 of the April, 1970 issue. 
R1 through R10 should be 20k for 170 
Vdc operation of the Nixie tubes; R11 
and R12 are each 270 ohms; C3 in the 
power supply should be 2000 ( i f . Al l 
gates are Fairchild juL-914 or equivalent, 
and all flip-flops areAtL923s. 

Stafford Electronics advises the fol-
lowing price changes (first price is com-
plete kit, price in parenthesis is for etched 
circuit board only): 12- or 24-hour clock, 
$145 ($13.50); 12- or 24-hour clock less 
seconds, $125 ($13.50); power supply/ 
clock generator, $35 ($3.00); alarm cir-
cuit, $35 ($3.00); walnut cabinet, $30. 

solid-state power supplies 
In fig. 21 of the "Survey of Solid-State 

Power Supplies" article, page 36, Febru-
ary, 1970, pin number 10 of the 
MC1460G voltage-regulator IC should be 
connected to the common bus. 

32S1 modification 
The wrong crystal was listed with the 

32S1 modification that appeared in the 
ham notebook on page 82 of the De-
cember, 1969 issue. The correct Collins 
part number for the 457.550 kHz crystal 
is 290-8709-00. The parts department at 
Collins has been alerted to this error, so if 
you already ordered a crystal you should 
receive the correct frequency. 

75A-4 modifications 
There was an error in fig. 2B of the 

75A-4 modification article that appeared 
in the April, 1970 issue of ham radio. The 
The correct schematic is shown below. 

FIRST MIXER 
IZAT7 

rr? rr? rrr m 

tilt-over mast 
When calculating guy-wire tension (last 

item in fig. 7, page 48, February, 1970 
ham radio) the wind loading at the top of 
the mast should be divided by the sin of 
angle B, not the tangent. The sine and 
tangent of 9.7° (example used in text) 
are numerically alike and no error of 
great magnitude exists, but for installa-
tions where angle B is much larger the 
error is large. 

2-meter 
transmitting mixer 

The E. F. Johnson Company has dis-
continued the type 189-253-5 PC butter-
f ly capacitor specified for the 2-meter 
transmitting mixer featured in the April, 
1969 issue of ham radio (fig. 5, page 13). 
For C1 and C2, 8.5 butterflys, use John-
son 160-208. A t C3, 10 pF butterfly, use 
Johnson 160-211; C4, 10 pF, use John-
son 160-104; C5, 20 pF, use Johnson 
160-110. Capacitors C1 and C2 may be 
soldered upside down to the foil side of 
the printed-circuit board to the appro-
priate connection points. 
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a second look fisk 

High-frequency radio communications has 
always been at the mercy of the sun, wi th 
its sporadic cataclysmic bursts of electro-
magnetic radiation that convulse the iono-
sphere. The mighty sun wil l always dictate 
the condit ion of the ionosphere, but the 
unpredictabil ity of solar disturbances is 
probably as disconcerting as the distur-
bances themselves. A new solar-activity 
monitoring system, installed this summer 
by Cambridge Laboratories, may end the 
unpredictabil ity once and for all. 

Cambridge Labs tried once before to 
develop a solar-activity prediction system, 
but it d idn' t work out; primarily because 
of the large number of errors, reporting 
inconsistencies and variations in instru-
ment calibration. 

The new program, however, is different. 
While the observation stations were under 
development, a parallel program was initi-
ated to establish uniform reporting and 
observing techniques, as well as carefully 
calibrated equipment that would provide 
standardized information. 

The basts of the system is a huge net-
work of sensors and data-processing equip-
ment. The network consists of f i f t y 
ground-based optical and radio observa-
tories all over the world. Each station is 
equipped with ionospheric sounders, radio 

receivers that measure galactic noise, neu-
tron monitors and magnetometers. (Mag-
netometers are used to measure the inten-
sity of the earth's magnetic field.) The 
ground stations transmit their data by 
teletype to a large computer complex at 
Of fu t t Air Force Base in Omaha. In addi-
t ion, data from orbit ing satellites is fed 
into the system, so the computer is up to 
date on the radiation level in space. The 
computer processes the data and forecasts 
changes that affect high-frequency com-
munications. 

Although the program is being conduc-
ted primarily for the benefit of the Air 
Force, amateurs can expect some fallout 
in the form of improved propagation no-
tices from WWV. 

In the future, when WWV broadcasts 
an N7 propagation forecast, you should 
be able to expect pretty good, undisturbed 
DX conditions with some degree of cer-
tainty. There are bound to be some anom-
alies unti l they shake all the bugs out, but 
hopefully some of the sorcery and ambi-
guity of propagation forecasting wil l soon 
be a thing) of the past — a thing to remi-
nisceabout, l ikethe t ime 9Z1AA dropped 
into the solar noise just as he answered 
your call. Jim Fisk, W1DTY 

editor 
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the 

swr meter 

Not to be confused 

with swr bridges, 
CO o 

this laboratory-quality f 
'5 

instrument 1 
CO 
O 

is essential s 
JD 

for serious § 

uhfwork f 
c 
E (0 O 
UJ 
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t— 
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As the experimenter progresses through 
vhf into uhf and the microwave regions, it 
becomes evident that instrumentation is 
required to assure optimum performance 
of equipment and antenna systems. For 
the most part, the amateur suffers under 
the handicap of being unable to adequate-
ly measure loss or gain at high frequen-
cies. For this reason many can only guess 
the actual gain of their antenna or rf 
preamplifier, or the actual loss in their 
transmission line or rf filters. 

Very little has appeared in amateur 
publications to assist the experimenter to 
assign meaningful loss or gain values to 
the various components of his systems. 
For example, crosstalk in antenna relays 
or loss in baluns are unmeasurable with 
most amateur equipment. Only by know-
ing the performance of the various com-
ponents in the complete system can one 
obtain the overall performance desired. 

The amateur often bases measure-
ments of gain or loss on such unreliable 
devices as a receiver S-meter or a 
through-line watt-meter. These indicators 
along with pilot lamps, rf ammeters, and 
many "swr bridges" leave much to be 
desired at frequencies above 100 MHz. 

This article describes the construction 
and operation of one of the most useful 
measuring tools for the vhf-uhf experi-
menter. No calibration instruments are 
required—all measurements are simply de-
rived from the indication on a 0-1 dc 
milliammeter. With this instrument the 
amateur can determine meaningful deci-
bel loss or gain figures previously un-
measurable, including gain in antennas or 
preamps, loss in attenuators or transmis-
sion lines, and crosstalk in coaxial.relays. 
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the swr meter 
Drawing upon the experience of the 

microwave industry,1 it is found that for 
many years measurements in the vhf 
through microwave regions have been 

The swr meter has two major features: 

1. It indicates power ratio directly. 

2. It requires no calibration from an 
rf standard. 

INSERTION POINT 

straight-through coaxial 
ADAPTER UG-29AJ Off U0-94/U DEVICE TO BE TESTED 

fig. 1. Instrumentation for measuring power loss. Meter is first adjusted for full-scale deflection with 
straight-through adapter inserted at point X ; then device to be checked is inserted. 

made with a laboratory instrument term-
ed a vswr indicator or simply swr meter. 
This instrument has far greater utility 
than its name would imply, as will be 
shown later. 

The swr meter should not be confused 
with simple devices such as swr bridges, 
antennascopes, or other gadgets that base 
their calibration accuracy on the charac-
teristics of their semiconductor diodes. 
The accuracy of such devices is doubtful 
at vhf and above, and each instrument 
must be individually calibrated from a 
known standard. 

With good circuit design and careful 
use, swr-meter accuracy can be essentially 
that of the readout instrument. Power 
ratio may be converted to dB by applying 
a simple mathematical relationship or it 
may be taken directly from a graph. 

For all loss or gain measurements a 
tone-modulated signal source, a demodu-
lator, and an indicating meter are neces-
sary. With this setup, power can be read 
out for transmission lines, filters, direc-
tional couplers, and other devices. Anten-
na gain may be measured indirectly over a 
suitable test range by comparing the 

10 

tu <a o 
W 
Q 

fig. 2. Conversion chart 
for finding dB loss from 
meter indication. Ol 019 02 03 0 4 
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relative gain of the antenna under test 
with that of a carefully constructed refer-
ence antenna. 

theory of operation 
The swr meter consists of a stable 

fig. 2, which may be used with reasonable 
accuracy. 

slotted-line measurements 
Although this article deals primarily 

with loss measurements, the swr meter 

fig. 3. Setup for measuring vswr with a slotted line. 

high-gain amplifier, tuned to an audio 
frequency, with a calibrated meter read-
out. The swr meter is designed to display 
power ratios when used with an rf de-
modulator (or detector) operating in the 
square-law region. Measurements are 
made on the demodulated audio-signal 
voltage output of the detector, as it is 
directly proportional to the incident rf 
signal power amplitude. By amplifying 
demodulated audio rather than rectified 
dc, stability and sensitivity are assured. 

using the swr meter 
The test setup for rf loss measure-

ments is shown in fig. 1. To make a 
reading, the instruments are connected as 
shown, and the swr meter gain is adjusted 
until the meter reads exactly full scale 
(1.0 mA or 0 dB). The circuit is opened 
at point X and the device to be tested is 
inserted. If the device presents a power 
loss at the signal frequency, the meter 
deflection will be less than full scale. The 
resultant fraction of full-scale reading 
represents the fraction of power flowing 
through the device under test. The loss 
can be converted to dB by 

loss in dB = 10 log10 LQ (1) 

where 
I = meter reading (mA) 
This relationship has been plotted in 

can be used for its originally intended 
purpose-to measure vswr with a slotted 
line.2-3 The slotted line is a mechanically 
precise section of transmission line, usual-
ly 50 ohms characteristic impedance, 
fitted with a movable rf detector probe 
(fig. 3). The probe samples the voltage 
field along the section of transmission 
line. The high gain of the swr meter is 
necessary to amplify the low-level of the 
sampled voltage in the line. 

The combination of slotted line and 
swr meter not only provides greater accu-
racy than achievable with reflectometers 
or other instruments, but also indicates 

Instrumentation for a complete microwave swr 
measurement setup. Shown are swr meter, 
signal source, and coaxial accessories. 
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the position of the standing wave along 
the line. The location of the standing 
wave is necessary for solving trans-
mission-line problems. 

Measurements of vswr are made by 
first positioning the slotted-line probe 
carriage along the line until the point of 
maximum voltage is located. The swr 
meter gain is then adjusted to full scale (1 
mA or 0 dB) at this point. 

With the amplifier gain fixed, the 
probe carriage is then repositioned along 
the line to the point of minimum voltage 
or null. Vswr is the square root of the 
indicated power ratio: 

vswr ••y/T.0/1 <2) 
where I is the meter reading in milli-
amperes. 

This relationship is plotted in fig. 4. 
For vswr less than 3.16 curve A is used; 
for vswr greater than 3.16 swr-meter gain 
is increased by one 10-dB step and curve 
B is used. 

signal source 
The rf-signal source may be a labora-

tory signal generator, although a readily 
constructed transistorized, crystal-
controlled source will serve nicely. An 
output-power level of 1-10 mW is ade-
quate for most measurements, including 
antenna range experiments. Special care 
should be used to assure low rf-harmonic 
content, rf-output amplitude stability. 

Crystal -control led 4 3 2 - M H z signal source. Box 
seams were hard soldered to reduce rf leakage. 
Swi tch is actuated by a plastic rod through a 
brass tube soldered to panel. 

and constant modulation percentage. 
Minor variations of frequency do not 
normally cause loss of accuracy due to 
the relatively large bandwidth of the 
demodulator and device under test. The 
modulating tone, on the other hand, must 
be amplitude and frequency stable. 

10 

t £ 3 

^ 25 
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to 

fig. 4 . Ca l ibra t ion curve for determining 
vswr as a funct ion of meter readout. 

demodulator 
The demodulator, or detector, recov-

ers the audio component from the ampli-
tude-modulated signal. A coaxially 
mounted semiconductor diode, thermo-
couple, thermistor, or barretter are all 
capable of serving as a demodulator. For 
circuit simplicity and sensitivity, we have 
chosen to consider the semiconductor 
diode only. 

Diodes display very accurate square-
law characteristics at very low levels of 
incident rf energy. In the square-law 
region, a demodulator produces an audio 
output signal voltage directly proportion-
al to its rf input power (or input voltage 
squared). 

Point-contact diodes such as the 1N21 
series in a suitable coaxial diode mount 
(see fig. 5) are useful for rf input levels 
producing less than 0.14 mV rms rectified 
audio output. At higher input levels, the 
diode characteristics deviate from the 
square law, thus reducing the accuracy of 
measurements. 

A significant improvement in sensitiv-
ity can be realized by employing the 
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more advanced hot-carrier diode as a 
demodulator.4 These diodes are now 
available for less than S1.00 each. The 
hot-carrier diode, provided with a small 
direct-current bias, will produce an 8- to 
10-dB improvement in sensitivity over the 
1N21. This additional sensitivity comes in 
handy for antenna-range work when using 
a low-powered signal source. 

Fig. 6 illustrates a simple coaxial 
mount made of common coaxial connec-
tors and a hot-carrier diode. 

acceptable compromise between noise 
rejection and ease of operation. 

The input circuit consists of an imped-
ance-matching transformer and a network 
to provide dc bias for the hot-carrier 
diode demodulator. A 1:7 turns-ratio in-
put transformer converts the low-imped-
ance demodulator output to the optimum 
input impedance of the amplifier. A 
miniature output transformer, rated at 
600:12 ohms, was selected. The turns 
ratio for this unit is 7.07:1. This transfor-

UC-I094/U 

RF INPUT 

INSI 

COAXIAL 
CAPAC'IOR 
TtPlCJ-LLr 

100 pT 

9 KStOOULATtD 
OUTPUT 

m 

fig. 5. Microwave crystal demodu-
lator using a 1N21 diode. 

HPA-28IO 470 Df 
HOT CARRIER FUOTMftCUCM 

DIODE CAPACITOR 

9—K 
XM0CXJIJST€U 

OUTPUT 

m 

fig. 6. H o t carrier diode demodulator. Much 
higher sensitivity is possible using this device. 

amplifier-indicator 
We have observed that semiconductor 

diodes behave in an accurately predict-
able manner at very low power levels. We 
can take advantage of these character-
istics by using a high-gain amplifier and 
meter readout. 

The amplifier must have sufficient 
voltage gain and power output to provide 
full-scale meter deflections for signals less 
than 1 juV. The circuit should be gain 
stable and linear for all signal levels. 
Thermal noise and hum effects should be 
suppressed. 

The amplifier circuit of fig. 7 meets all 
conditions for gain, power output, stabil-
ity and linearity. Amplifier linearity here 
implies that any increment of the 
1000-Hz input signal will produce an 
exactly proportional increment in dc-
meter current. Thermal noise and hum 
are suppressed to acceptable levels by 
limiting the amplifier 3-dB bandwidth to 
less than 50 Hz. This bandwidth is an 

mer is a good choice, since it is much less 
susceptible to 60- or 120-Hz magnetic 
hum pickup than a higher-impedance 
transformer would be with the same turns 
ratio—example: 200:10k ohms. 

A forward bias of approximately 30 
fiA dc is necessary when using a hot-
carrier diode demodulator. The bias may 
be disabled when using a 1N21 or 1N23, 

50-ohm coaxial components. F r o m left to right, 
two attenuator pads, commercial crystal holder 
(fig. S) , and homemade demodulator (see fig. 
6). 
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since point-contact diodes generate a 
great deal of noise with dc bias current. 

Following the step-up transformer is 
the first section of the range switch. This 
switch attenuates the gain of the ampli-
fier in exactly 20-dB steps. Because the 
instrument is to be used only with 
square-law detectors, each attenuation 
step is marked as 10 dB. Attenuator 

Of greater importance is the matching or 
tuning of the modulating frequency of 
the signal source to the LC filter in the 
amplifier. 

Four transistors in a direct-coupled 
configuration provide additional gain, 
phase-inversion, and complementary 
symmetry output. The 1000-Hz ac ampli-
fier output is available for external use, if 

resistors are of the metal film type, 1% 
tolerance. 

A four-stage, direct-coupled, high-gain 
transistor preamplifier contains coarse 
and fine gain controls in its negative 
feedback loop. The second section of the 
range switch at the output of the pream-
plifier prevents overloading of any stage 
over the entire range of inputs to the swr 
meter. 

A two-transistor feedback pair consti-
tutes the second amplifier stage and 
drives a 1000-Hz LC filter consisting of 
an 88-mH telephone-loading toroid coil 
and two Mylar capacitors, C1 and C2. 
Due to the very low output impedance of 
this amplifier stage, capacitors C1 and C2 
are effectively in parallel and resonate the 
coil near 1000 Hz. The values of these 
capacitors are proportioned as shown to 
provide the required passband shape fac-
tor. If it is desired to peak the amplifier 
response at exactly 1000 Hz, a few turns 
will have to be removed from the toroid. 

desired, but is not directly used to deflect 
the meter. It is the dc current to the 
class-B complementary symmetry stage 
that drives the meter, thus accomplishing 
the ac-to-dc conversion. The large amount 
of feedback in this stage reduces the 
closed-loop voltage gain to near unity. A 
0-1 dc milliammeter is a good choice for 
indicator, as it is rugged, inexpensive, and 
readily available. 

Other circuitry includes a simple volt-
age-regulated power supply to maintain 
constant voltage to the amplifier as the 
battery voltage declines throughout its 
useful life. 

construction 
Components are mounted on perfo-

rated board for simplest construction. 
Care was given to avoid ground loops by 
having only one ground connection to the 
metal cabinet at the BNC input jack. A 
bus bar ground wire, with each ground 
made in the same sequence as shown in 
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M. D2. 0 3 • SILICON DIODE. 2 5 V 0W GREATER 

fig. 7. Schematic of complete swr meter for microwave measurements. Sufficient gain, output, 
stability, and linearity are provided for input signals less than 1 /jV. 

the diagram, will eliminate ground loops. 
The precision range resistors are mounted 
directly on the range switch. 

instrument performance 
The completed instrument meets the 

following specifications: 

sensitivity 

noise 

gain 

less than 0.14 juV rms 
for full-scale meter de-
flection at maximum 
gain. 

greater than 10 dB be-
low full scale at maxi-
mum gain. 

70 dB in seven 10-dB 
steps using square-law 
demodulator. 

45 Hz at 3-dB down. 

5 mA with no input 
signal, and 6 mA with 
input signal for full-
scale meter deflection. 

error sources 
A few precautions are necessary to 

realize full measurement accuracy. A sig- , 
nificant source of error is caused by 
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bandwidth 

battery drain 

operating the demodulator at too great a 
level. Overload can be minimized by 
attenuating the signal source so that the 
swr meter gives on-scale deflection when 
operating on one of the three range-
switch positions of greatest amplifier 
gain. 

Measurement errors will be caused by 
any deviation from 50-ohm resistive 

The swr meter with cover removed. Circuit 
board is mounted on meter terminals. Demodu-
lator bias on-off switch, mounted next to 
battery, is accessible from rear of unit. 
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impedance of the signal source or detec-
tor loading.* A convenient solution is to 
insert a loss pad rated at 10 dB or greater 
after the signal source and another loss 
pad ahead of the detector mount. (See 
% 1 . ) 

Additional error can result from any 
change of the dc resistance in the demod-
ulator circuit caused by connecting or 
disconnecting various attenuator pads 
during tests. A solution to this problem is 
to connect a shorted quarter-wave stub, rf 
choke, or parallel-resonant circuit from 
demodulator rf input to ground. Such 
circuits display high shunt impedance for 
rf across the demodulator, while pro-
viding a low shunt impedance path for 
the 1000-Hz audio signal. 

Good practice dictates special precau-
tions when measuring attenuation greater 
than 20 dB or slotted line vswr greater 

* A n impedance of 50 ohms has been accepted 
as standard for coax lines, matched connectors, 
and test equipment. If it's necessary to use 
another impedance, all pads, connectors, and 
transmission lines must conform to the selected 
impedance. 

than 10. For these measurements, a sub-
stitution technique using a previously 
calibrated loss pad can be of assistance, as 
will be shown in Example 3. 

examples of operation 
Example 1. Let us measure the loss 

of a length of 50-ohm coaxial cable at 
432 MHz. The equipment setup of fig. 1 
is used with a 432-MHz signal source. The 
swr meter gain controls are carefully 
adjusted for full-scale meter deflection 
(1.00 mA or 0 dB). The junction (X) 
between the two loss pads is then opened, 
and the cable under test is inserted at this 
point. With the coaxial cable in the rf 
circuit, the meter indicates only 0.40 mA. 
This indication represents a transmitted 
power of 40 percent through the cable, or 
60% loss in the cable at 432 MHz. 
Referring to eq. (1) we convert the meter 
reading to power loss in dB: 

Loss in dB = 10 login 10 

= 3.98 dB Q 4 0 

Fig. 2 may be used to simplify conver-
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sion from meter reading (power loss) to 
dB. 

Loss in dB = 20 + 10 iogi o V00 = 36.0 dB 
0.25 

Example 2. For our second example, 
suppose the unknown is a loss pad. When 
the pad is inserted in the line at (X), the 
meter reading is less than 0.10 mA. 
Without touching the coarse or fine gain 
controls, the range switch is switched in 
10-dB steps until the meter reading falls 
between 0.10 and 1.00 mA. The number 
of 10-dB steps of gain change must be 

Example 4. The gain of a receiver 
preamplifier is measured by first connect-
ing it into the line at (X). The swr meter 
is then adjusted to exactly full scale. 
When the premaplifier is removed and a 
straight adapter substituted, the meter 
then reads 0.125 rrlA. From formula or 
chart we calculate the preamp gain to be 
9.03 dB. By this procedure, we measure 

COAXIAL TEE 
CONNECTOR 

fig. 8. Measurement arrangement for determining crosstalk in an antenna change-over relay. Meter is 

adjusted to full scale with loss-pad inserted at point X . Relay is then substituted and crosstalk is 

determined by adding pad loss to meter reading in d B . 

added to the reading. 
In this example the meter reads 0.50 

mA after the gain has been increased by 
one 10-dB step. The loss of our pad under 
test is: 

Loss in dB = 10 + 10 log10 

= 13.0 dB ° " 5 0 

Example 3. Antenna-relay crosstalk is 
measured by first connecting a pad of 
known loss at (X) and adjusting the signal-
source output and amplifier gain for ex-
actly full scale. For this example we use a 
pad with 20-dB loss. The pad is now re-
moved and the relay is connected at (X). 
(See fig. 8.) 

With the relay actuated in the transmit 
mode, the meter reads less than 0.10 mA. 
With the coarse and fine gain controls 
fixed, the gain is increased by one 10-dB 
step of the range switch. The meter is 
then found to indicate 0.25 mA. The 
relay crosstalk loss is: 

the loss when the preamplifier is removed 
from the circuit. 

conclusion 
This article covers the construc-

tion and operation of an instrument of 
great utility for the serious experimenter 
in the uhf region. With careful construc-
tion the swr meter will perform as claim-
ed. When used according to instructions 
given, the instrument will take the guess-
work out of rf measurements at vhf and 
uhf. 
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the sideband 

minituner 

Here's a 

pocket-sized 

direct-conversion 

receiver 

for 80 and 40 meters 

less than $25 
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This kitchen-tabletop project has appeal 
for everyone, from the beginner to the 
seasoned experimenter. It's perfect for cw 
practice, motel monitoring on trips, or 
for keeping an ear on your favorite net 
while the big rig is tied up on the DX 
bands. It can monitor your transmitter on 
ssb and cw, provide a signal source for 
tuning other receivers, and it can keep 
you in touch when power lines fail. If 
you are a QRP fan, it will provide you 
with a vfo and companion receiver for 
your little transmitter. Not to mention, 
of course, its value as a conversation piece 
when one of the locals drops over. 

The inspiration for this project came 
from an article entitled "Direct Con-
version-A Neglected Technique" by Wes 
Hayward and Dick Bingham. After work-
ing with this principle, I'm convinced that 
it should not be neglected, for there is no 
simpler or less-expensive approach to 
respectable ssb and cw reception. 

design 
The heart of this receiver is an ex-

tremely simple product detector circuit 
(fig. 1). The preselected incoming signal is 
chopped at a rate determined by the vfo 
output frequency, with a resultant audio 
product appearing at the drain. Since the 
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vfo signal level at the gate is relatively 
high compared with the incoming signal 
level at the source, conduction time is 
short, and linearity is excellent. The out-

able antenna, the sensitivity of this circuit 
is far more than adequate. 

Selectivity as well as sensitivity is 
determined within the audio range. The 

HEP80I 

HEPB02 

m 

580 / - S 

~30ph' 

rh rh rh rh rh 

o 

: t r X L 

REALISTIC 
4-7PANSIST0R 

AMPLIFIER 
277 IZ40 

BOHMS 

C I 365 pF miniature mica BC tuning 
capacitor 

C2 470 pF small mica 

C3 140 pF small mica 

C4 15/16 X 1-3/8 X 1-15/16 inches. 
6.3—123.1 pF and 5.7—78.2 pF 
(Lafayette 32E11067 or equivalent) 

L I 3- or 4-turn link on L2 

L2 36 turns no. 30 enameled wire on 
.68 diameter toroid form 

L3 5-turn link on L 4 

L4 22 turns no. 22 enameled wire on 
.68 diameter toroid form, tapped 5 
turns from ground end 

fig. 1. Schematic of the direct-conversion minituner cw/ssb receiver. The only circuits to build are 
the product detector/preamplifier, A, and the vfo, B. 

put of the detector, after being fed 
through a low-pass filter, is amplified by a 
low-noise fet audio preamplifier. This 
single stage provides enough gain to drive 
one of the inexpensive imported audio 
modules. In this case, a Realistic 
277-1240 100-mW unit was used. This 
unit requires an input of only 1 mW for 
full output, unmodified. With any reason-

RC values shown provide reasonable se-
lectivity for casual listening without sacri-
f ic ing system gain. The Realistic 
277-1240 audio board contains an 82k 
ohm feedback resistor between the out-
put transformer secondary and the base 
of the transistor in the second stage. A 
0.001-/JF capacitor connected in series 
with the resistor does wonders in improv-
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ing overall gain at voice frequencies. This 
combination causes the amplifier to be 
very frequency selective and decreases the 
interference problem between adjacent 
stations. 

the detector will be destroyed. Thus, the 
oscillator module must be well-shielded 
from the rest of the package. I accom-
plished this by building a separate box for 
the vfo from two-sided pc board. A 

•9V OSCILLATOR 

fig. 2. Parts layout for the 
product-detector board. Com-
ponents are shown as seen 
from the bottom of the board. 
Etched board is shown on the 
next page. 

construction 
The receiver consists of three small 

printed-circuit modules mounted in a 2 x 
3 x 5-inch minibox. Since the audio 
amplifier is preconstructed, a good por-
tion of the work is already done. The 
other two modules are extremely easy to 
lay out and construct. Fig. 2 and 3 show 
the board templates and component 
mounting. 

Since the oscillator must maintain 

less-elaborate shield could consist of a 
small minibox or an aluminum bracket. 
The power lead is bypassed at the vfo 
shield, and the vfo output lead is a length 
of small-diameter coaxial cable. 

For the sake of stability, all fre-
quency-critical capacitors are of the mica 
variety. The tuning capacitor, in this case 
a miniature air variable, has a ball-bearing 
rotor mount for smooth operation. All 
components on the module must be 

fig. 3. Parts layout for the vfo 
circuit board. Components are 
viewed as seen from the bot-
tom of the board. Etched 
board is shown on the next 
page. 

+9V 

•TO S2 

sideband isolation and stability, a few 
simple considerations are in order. If 
high-level vfo radiation reaches the rf 
input port of the detector via the antenna 
line and its tuned circuit, the linearity of 

securely mounted, and all frequency-
critical wire leads must be rigid. By 
following these few suggestions, you can 
expect quality reception from the finish-
ed project. 
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adjustment 
Tuneup is a relatively simple matter 

because the oscillator is the only section 
requiring initial adjustment. Since the 
same value"of inductance is used for both 
the 80- and 40-meter bands, capacitance 

is the only variable determining range and 
band placement. The variable- and fixed-
capacitor values are thus considerably 
greater for 80 meters than for 40 meters. 
For the 2-section variable capacitor speci-
fied in the parts list, I left six rotor plates 
on the 80-meter section and only one on 
the 40-meter section. This provided about 
300 kHz of coverage on each band. If you 
use one of the inexpensive imported 6:1 
vernier drives, 300 kHz is the most you 
will be able to cover and still maintain 
smooth tuning. The fixed mica capacitor 
values should place the vfo output some-
where within the amateur bands, where 
you will be able to pick up the oscillator 
on your station receiver. 

Minor fixed-capacitance substitutions 

E J 

may be necessary to achieve the precise 
coverage you desire. Once you have the 
desired placement worked out on both 
bands, the station receiver can be used for 
an accurate final calibration. The tuned-rf 

input circuit covers 80 and 40 meters 
with enough overlap so that no induc-
tance adjustment is necessary. Variable 
capacitor C1 peaks the incoming signal 
just as the antenna trimmer or preselector 
control on a commercial receiver. What 
could be simpler? 

conclusion 
Despite its surprisingly good perform-

ance, this unit is not the ultimate in 
direct-conversion design. The possible 
avenues of exploration are many. For 
example, the Realistic 277-1577 audio 
board provides 350-mW output for 
300-/iV input at 500 ohms, and is well 
worth trying in place of the less-sensitive 
100-mW module used here. Furthermore, 
a dual-gate mosfet product detector de-
serves consideration. And, with a stable 
vfo, this circuit should perform as well at 
144 MHz as it does at 3.5 MHz. The 
possible arrangements are almost endless. 

Nonetheless, and regardless of its po-
tential for further development, the side-
band minituner works very well as it is. In 
fact, you'll find it one of the most useful 
minibox projects you can build. 
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voltage-probe 
receiving 

antenna 

A new two-inch-high 

electronic device 

that out-performs 

a 3-foot whip 

below 40 MHz 
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The voltage-probe antenna, or vpa, is a 
new approach to miniature high-perform-
ance broadband receiving antennas that 
exhibits low-noise characteristics and 
does not require tuning over the frequen-
cy range from 30 kHz to 50 MHz. 

The vpa consists of an antenna probe 
and solid-state amplifying and matching 
circuitry designed to feed into 50-ohm 
coaxial line. The antenna probe itself 
consists of a rod two inches long, top 
loaded with a small disc as shown in the 
photo. The electronic circuitry is contain-
ed in the small cylinder below the anten-
na probe. Dc power, isolated from the 
incoming rf, is fed to the circuitry 
through the coaxial feedline. 

how it works 
The vpa senses voltage from an incom-

ing radio wave with its antenna probe, 
and the electronic circuitry acts as an 
impedance converter by transferring the 
input signal voltage from the highly react-
ive antenna probe to a 50-ohm resistive 
impedance level. The vpa performs much 
like a cathode follower, but with very 
high gain. The circuitry consists of an fet 
low-noise input stage, a buffer-driver 
stage and an output stage to match the 
probe to a 50-ohm transmission line. 

The theory behind the vpa is based on 
the fact that when a quarter-wave mono-
pole antenna above a ground plane is 
made infinitely short, its power gain 
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decreases only slightly from a theoretical 
maximum of 2.14 dB to 1.76 dB lover an 
isotropic). However, as the antenna gets 
shorter, antenna resistance decreases 
while the reactance increases. This is a 
familiar problem to the amateur who has 
worked with small 75-meter mobile an-
tennas. 

As an example, at 20 kHz, a 1-meter 
stub over a ground plane exhibits an 
effective resistance on one-millionth ohm, 
and capacitive reactance of 10 million 
ohms. Since these two components are 
effectively in series as shown in fig. 1, the 
voltage available to the amplifier is infini-
tesimally small. 

The electronic circuitry used with the 
vpa does not match impedances in the 
usual sense. Instead, it makes the reactive 
component small in comparison to the 
very high input impedance of the fet 
amplifier, swamping out the reactive com-
ponent. The result is that most of the 
input signal appears across the amplifier 
input terminals. 

performance 
As pointed out by K6MIO,1 the abil-

ity of an antenna to extract a radio signal 
from space is dependent upon the anten-
na's effective aperture or capture area. 
This capture area may be used as a basis 
to compute the antenna's gain as com-
pared to an isotropic. The gain of the vpa, 

fig. 2. Performance of the voltage-probe 
antenna as compared to a 13' 4 " whip. 
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when placed 42 inches over a ground 
plane, is -10 dB, and is flat from 30 kHz 
to over 50 MHz. As a point of compar-
ison, a quarter-wave whip (matched to 
the receiver) exhibits 2.14 dB gain. How-
ever, the whip is a high-Q device, and 
performance deteriorates rapidly as you 
deviate from its resonant frequency. 

The results of a comparison test be-
tween the miniature voltage-probe anten-
na and a 13-foot, 4-inch whip are plotted 

•6 P* 10 ohfm FET AMPLIFIER 

0-5 I 5 

FREQUENCY (MHZ) 

fi9. 1. Equivalent circuit for a miniature 
1-meter-iong stub antenna at 20 kHz. 

in fig. 2. For these tests, conducted by 
the Kollmorgen Corporation, both anten-
nas were located side-by-side on a 50 x 
80-foot metallic ground plane. The whip 
sat on a 9-inch pedestal in contact with 
the ground plane; the vpa was on a 
42-inch post, also in contact with the 
ground plane. The outputs, brought out 
through 50-ohm coax, were compared on 
the same receiver; a precision var iable 
attenuator was used to measure differ-
ences in signal level. 

Performance of the vpa can be im-
proved by elevating it further over the 
ground plane. This is because of signal 
pickup by the output coaxial cable. Al-
though vpa gain is flat to 50 MHz, the 
effective gain over a whip antenna in-
creases substantially with decreasing fre-
quencies. The vpa shown in the photo, 
for example, will out-perform a 3-foot 
whip antenna at all frequencies below40 
MHz. references 
1. James Kennedy, K6MIO, "Antennas and 
Capture Area," ham radio, November, 1969, 
page 42. 
2. Robert Fischer, "Voltage Probe Antenna," 
Kollmorgen Corporation report ER848.1, 29 
January 1968, Kollmorgen Corporation, North-
ampton, Massachusetts 01060. 
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designing 
with 

ic voltage 

regulators 

Inherent 

device constraints 

are analyzed, 

and design examples 

are given 

to obtain optimum 

regulator performance 

Some of the load-handling capability of 
an IC voltage regulator may be sacrificed 
if a less-than-optimum system design 
approach is used. This article describes a 
design procedure that assures full realiza-
tion of the regulator's load-handling capa-
bility and compliance with all its ratings. 
Design examples, using a typical IC volt-
age regulator, are included. 

The cost of a monolithic IC voltage 
regulator is usually less than that of a 
voltage regulator of comparable perform-
ance constructed from discrete compo-
nents. In return for this reduced cost {and 
increased convenience) the designer is 
confronted with a set of regulator oper-
ating constraints, imposed by the IC 
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manufacturer, over which the designer 
has little control. 

The voltage regulator IC is a complete 
electronic circuit block, and certain pack-
age terminal conditions must be met 
regardless of the regulator's relationship 
to the rest of the system. These are: 

1. The minimum regulator input 
voltage 

2. The maximum regulator input 
voltage 

3. The maximum regulator output 
current. 

Two more constraints are added when 
the voltage regulator becomes part of a 
voltage-regulated power supply system: 

4. The minimum voltage drop across 
the regulator 

5. The maximum allowable regulator 
power dissipation 

Since the IC operating parameters and 
the power requirements of the load are 
predefined, the volt-ampere characteristic 
of the unregulated voltage source is the 
only manipulatable system variable. The 
boundaries represented by the preceding 
constraints can be plotted on a graph of 
regulator input voltage vs regulator out-
put current, and will enclose a region that 
contains ail the allowable combinations 
of unregulated input voltage and regula-
tor output current. Obviously, the volt-
ampere characteristic of the unregulated 
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power supply must lie wi thin the bound-
aries of this permissible operating region. 
The mechanics of this technique are 
demonstrated later in the article. 

device limitations 
The maximum input voltage that may 

be applied to an IC voltage regulator is 
restricted by the IC secondary breakdown 
limitation and, when current flows, the 
maximum allowable junction temper-
ature. The maximum current that may 
pass through a voltage regulator IC is 
restricted by the current-carrying capac-
ity of the interconnections wi th in the IC, 
the maximum allowable junction temper-
ature, and the voltage applied to the 
regulator when the second-breakdown 
region is approached. Power dissipation 
limits wi l l normally be exceeded before 
second breakdown is reached wi th in-
creasing current-unless, of course, the 
case temperature is prevented from rising. 

The minimum input voltage applied to 
an IC regulator must be adequate to 
m a i n t a i n appropriate bias currents 
through the internal zener diodes. Fur-
thermore, a minimum input-output volt-
age differential must be maintained to 
assure that the series pass regulating 
elements retain control over the output 
voltage. The greater of these two mini-
mum input voltage restrictions must al-
ways be satisfied. The maximum allow-
able power dissipation is limited by the 
maximum allowable junction temperature 
and the thermal resistances from junction 
to ambient. 

The numerical values and package pin 
connections cited in the remainder of this 
article apply specifically to the Motorola 
MC1469R connected as shown in fig. 1. 
The comments and procedures are, how-
ever, equally applicable to all other volt-
age regulator ICs. 

typical regulator circuit 
A complete voltage regulator circuit 

using a typical IC voltage regulator (the 
Motorola MC1469R) appears in fig. 1. 
The unregulated input voltage is applied 
to pin 3 of the MC1469R,, and the IC 

output voltage appears at pin 1. Capaci-
tors C I , C2, C3 provide circuit compensa-
tion, noise filtering, and assure output-
voltage stability. 

The 2N706 transistor, Q1, and cur-
rent-sensing resistor, R s c , l imit (via pin 4) 
the maximum output current of the 
regulator to that which causes a voltage 
drop of 0.6 volt across R s c . Thus, the 
short-circuit current, l s c , is defined by 
Rsc and is determined from the expres-
sion 

, _ M •sc - o sc 
where l s c = the approximate short-circuit 
current l imit in amperes, and Rsc = the 
resistance in ohms of the current-sensing 
resistor. 

The regulated and current-limited out-
put voltage, V D , appears at the emitter of 
Q1. This voltage is sensed by pin 5, and 
the voltage at pin 1 varies, as required, to 
keep the voltage at pin 5 constant. The 
constant voltage required at pin 5 is a 
function of R1 and R2, and R1 is 
determined from 

R1 = 2V 0 — 7 
where VD = the desired regulated output 
voltage in volts, and R1 = the resistance 
(in k ohms) of the voltage-setting resistor. 

Pin 2 of the MC1469R is the shut-
down control. A positive voltage applied 
to pin 2 causes the regulator output 
voltage to drop to zero and reduces the 
regulator input current to a few-hundred 
microamperes. Aside from its obvious use 
as a regulator on/off control, the shut-
down control automatically limits the 
maximum IC chip temperature if a con-
stant positive reference voltage is applied 
to pin 2. The voltage required to shut 
down the regulator is a function of the 
chip temperature: 

V p i n 2 = 1.38 - 3.4 x 10-3 (Tj - 25°C) 

where V p j n 2 ~ the approximate voltage 
in volts that must be applied to pin 2 to 
shut down the regulator at a given junc-
tion temperature, Tj, and Tj = the junc-
t ion temperature in °C at which shut-
down wi l l occur. Since the shutdown 
voltage decreases approximately linearly 
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at the rate of 3.4 millivolts/°C, the 
shutdown voltage under a particular set 
of operating conditions can be deter-
mined experimentally and its value used 
to calculate the chip temperature rise. 
This technique has the advantage of not 
disturbing the thermal characteristics of 
the IC through the attachment of an 
external temperature-measuring device. 

The continuous load current from the 
MC1469R must not exceed 500 mA. It 
will withstand a maximum input voltage 
from pin 3 to ground of 35 Vdc; the 
minimum input voltage must be 9.0 Vdc 
or 3.0 Vdc higher than the voltage at pin 
1, whichever is greater. 

The voltage at pin 1, V p j n -|, can be 
determined only after the regulated out-

P = 150 - Ta rDmax 41 g 

where Ppmax = the maximum allowable 
device power dissipation in watts at an 
ambient temperature, T a , in ° C . The 
constants in the formula reflect a maxi-
mum junction temperature of 750°C and 
a thermal resistance from junction to 
ambient of 41.6°C/watt. 

establishing boundary conditions 
Now that the necessary facts have 

been ferreted out of the IC data sheet,1 

and the regulator circuit operation is 
understood, the boundaries on the voft-
ampere characteristic of the unregulated 
input source become evident. The lower 

fig. 1. Complete power-supply 
regulator circuit designed around 
the Motorola M C 1 4 6 9 R . Com-
ponents Q1 and Rsc may be 
eliminated if current limiting is 
not desired. 

OUTPUT 

put voltage, V Q , and R s c have been 
specified. The equation: 

Vpm 1 - V 0 + I L <RSC) 

where l|_ = the load current in amperes, is 
valid for all l L from 0.0 to l s c . Note that 
Vpin 1 increases linearly from V D at l L = 
0 to (VD + 0.6) at l L = l s c . 

The MC1469R can dissipate 3 watts at 
an ambient temperature of 25°C without 
a separate heat sink. The actual power 
dissipation is calculated from the voltage 
drop across the IC and the current into 
the IC, and is closely approximated by 

P D actual = ( V p j n 3 - V p j n -|) Ipjn 3 

where P is in watts, V is in volts, and I is 
in amperes. 

The voltages and currents are defined 
in fig. 1. If the MC1469R is operated 
with no heat sink at ambient tempera-
tures other than 25°C, the maximum 
allowable power dissipation can be com-
puted by 

limit of the unregulated input voltage is 
restricted by the minimum input voltage 
requirement of the IC; the maximum 
current required from the unregulated 
power supply is equal to the regulator 
short-circuit current; the maximum volt-
age from the unregulated power supply 
must be less than the maximum IC input 
voltage limit, and must lie below the 
curve describing the ICs power-dissipation 
limit. 

The general procedure for establishing 
these boundaries follows (again referring 
to fig. 1, and using the MC1469R param-
eters) : 

1. Specify the intended regulated out-
put voltage, V Q . The value of R1 may 
be calculated at this time. 

2. Specify the desired short-circuit 
current limit, l s c . Calculate R s c . I s c 

must be less than 500 mA. 

3. Calculate V p m 1 from I I ~ 0 to l L 
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4. 
Vr 

Determine the minimum allowable 
3 by adding 3.0 Vdc to the p m 

values of V p i r i ^ calculated in step 3. 
If this value of V p j n 3 is less than 9.0 
Vdc, set Vpjn 3 equal to 9.0 Vdc. 

5. Calculate the maximum allowable 
power dissipation, Pomax, at the an-
ticipated temperature, Ta. 

Ul 
8 

I 
1 <fc 

fig. 

600 O IOC 200 300 4CO 5® 
REGULATOR OJIVUT LOUD CURRENT, IL (MA) 

*MCH69R ABSOU/JE MAXIMUM RATINGS 
2. Restrictions on the unregulated input 

voltage to the 3.5 V dc regulator circuit. 

6. Calculate the maximum allowable 
Vpin 3 s e v e r a ' points by substi-
tuting corresponding pairs of V p j n 1 
and into the following equation 

PD 
V m a x 

p i n 3 I, 
+ V pin 1 

Calculated values of V p j n 3 greater 
than 35 Vdc, must be set equal to 35 
Vdc, since V p j n 3 must not exceed 35 
Vdc. Note that the calculated V p j n 3 
is somewhat optimistic, since it 
doesn't include the power dissipation 
in the IC internal control circuitry. 

7. Plot the data from step 4 and step 
6 on a graph of l L (from 0 to ls c) as a 
function of V p j n 3 (from 0 to 35 
Vdc). The volt-ampere characteristic 
of the unregulated power supply con-
nected to pin 3 must lie within the 
region bounded by the two sets of 

data. If the two sets of data intersect, 
the short-circuit current specified in 
step 2 cannot be tolerated and must be 
reduced. 

design examples 
Three design examples, using the step-

by-step procedure previously outlined, 
follow. 

Example 1. Design a regulated power 
supply using the MC1469R delivering 3.5 
Vdc at 0 to 500 mA, operating at an 
ambient temperature of 25°C. 

1. v 0 
ohms 

3.5 Vdc; R1 2 VQ - 7 

'sc = 500 mA; Rsc = 0.6/1 •sc 

0 

1.2 
ohms 

3. Vr 

" l = 
= V n + I. Ror = 3.5 + 1.2 

Vpjn 3 <min> = Vpin 1 + 3.0 = * 

5. „ 150 — Ta 
PDmax = —T7T— = 3.0 watts 41.6 

6- V p i n 3 < m a x ) = P D m a x / l L + V p i n _ * 
1 ~ 

Values of these parameters for elev-
en different load currents, from 0.0 to 
500 mA, are tabulated below. 

«L Step 3 Step 4 Step 6 
m A Vdc Vdc Vdc 

0 3 .50 (6 .50 )9 .0 ( 0D )35 .0 
50 3.56 (6 .56)9 .0 (63 .6 )35 .0 

100 3 .62 (6 .62)9 .0 33 .6 
150 3 .68 (6 .68 )9 .0 23.7 
200 3 .74 (6 .74)9 .0 18.7 
250 3 .80 (6 .80 )9 .0 15.8 
3 0 0 3.86 (6 .86 )9 .0 13.9 
3 5 0 3 .92 (6 .92 )9 .0 12.5 
4 0 0 3 .98 (6 .98)9 .0 11.5 
4 5 0 4 .04 (7 .04 )9 .0 10.7 
500 4 . 1 0 (7 .10 )9 .0 10.1 

7. The data from steps 4 and 6 are 
plotted in fig. 2. Note that V p i n 3 
(max) is restricted to 35.0 Vdc, and 
that V p j n 3 (min) is set equal to 9.0 
Vdc. The unregulated input voltage 
must lie between 9.0 and 10.1 Vdc at 
lj_ = 500 mA, and between 9.0 and 
35.0 Vdc when l L =0. 
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Example 2. Design a regulated power 
supply using the MC1469R delivering 5.0 
Vdc at 0 to 500 mA, operating in an 
ambient temperature of 25°C. 

The calculations follow the pattern of 
example 1. R1 is 3.0k ohms; values for 
Vp i n ! from step 3, V p j n 3 (min) from 
step 4, and Vp i n 3 (max) from step 6 are 
tabulated below. Again, V p j n 3 (min) 
must be set equal to 9.0 Vdc, and V p i n 3 
(max) is restricted to 35.0 Vdc. The data 
from steps 4 and 6 are plotted in fig. 3. 

be exercised over the selection of the 
power-supply components, the unregu-
lated power supply can be designed to 
conform directly to the unregulated input 
voltage requirements of the IC voltage 
regulator; if not, the unregulated power 
supply load profile must be modified 
externally. 

I built an unregulated dc power supply 
with components on hand for use with 
the regulator in example 3. Its output 
voltage was measured at various load 

S tep 3 Step 4 S tep 6 
m A V d c V d c V d c 

0 5.00 (8.00)9.0 { oo )35.0 
50 5.06 (8.06)9.0 (65.1)35.0 

100 5.12 (8.12)9.0 (35.1)35.0 
150 5.18 (8.18)9.0 25.2 
200 5.24 (8.24)9.0 20.2 
250 5.30 (8.30)9.0 17.3 
300 5.36 (8.36)9.0 15.4 
350 5.42 (8.42)9.0 14.0 
4 0 0 5.48 (8.48)9.0 13.0 
4 5 0 5.54 (8.54)9.0 12.2 
500 5.60 (8.60)9.0 11.6 

Example 3. Design a regulated power 
supply using the MC1469R delivering 3.5 
to 5.0 Vdc (variable) at 0 to 500 mA, 
operating at an ambient temperature of 
25 °C. 

R1 is replaced with a variable resistor 
adjustable from 0 to 3000 ohms to allow 
the output voltage to be set anywhere 
from 3.5 to 5.0 Vdc. R s c remains at 1.2 
ohms for current limiting at 500 mA. 
Vpin 3 <min) and V p i n 3 (max) from 
examples 1 and 2 are compared on a 
point-by-point basis, and the highest val-
ues of V p j n 3 (min) and the lowest values 
of V p i n 3 (max) become the new 
restrictions on V p j n 3 , as shown in fig. 4. 

modifying the unregulated supply 
One of the key points mentioned 

earlier was that ". . . the volt-ampere 
characteristic of the unregulated voltage 
source is the only manipulatable system 
variable." Thus the volt-ampere character-
istic of the unregulated power supply 
must conform to the limits established by 
the design requirements of the power-
supply regulator. If adequate control can 
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fig. 3. Restr ic t ions on the unregulated input 
voltage to the 5.0 V dc regulator circuit. 

currents and was varied from 17.9 Vdc at 
0 mA to 13.9 Vdc at 500 mA. The 
volt-ampere characteristic of this supply 
is superimposed on fig. 4 and identified as 
the "unacceptable input voltage profile." 
The output voltage of this supply would 
have exceeded the maximum allowable 
voltage on pin 3 of the MC1469R, under 
the specified design conditions, and the 
IC power dissipation would have been 
exceeded when the regulator output-
current demand increased much beyond 
270 mA. A substantial portion of the 
total output current capability of the 
voltage regulator IC could not have been 
used. 

A 10-ohm resistor placed in series with 
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the positive lead from the unregulated 
power supply modified the power-supply 
load profile, producing the "typical input 
voltage profile" volt-ampere curve in fig. 
4. Note that the voltage applied to pin 3 
of the MC1469R remains in the permis-
sible input voltage region for all values of 
l|_, allowing the full capability of the 
voltage regulator IC to be realized. 

Experimental measurements on this 
voltage regulator system revealed an 
MC1469R junction temperature rise of 

100 200 300 400 SCO 600 
REGULATOR OUTPUT LOAD CLfiRENT, 1L (MAI 

"MCM68H ABSCUm MAXIMUM RATINGS 

fig. 4. Input voltage restrictions and experimen-
tally-determined unregulated power supply 
volt-ampere characteristics for a 3.S to 5.0 V dc 
variable regulated power supply. 

86 ° C at V 0 = 3.5 Vdc and l L = 500 mA 
(2.8 watts dissipation). The measured 
junction temperature rise was 30 ° C 
below the calculated value; this is attri-
buted to (a) the conservative thermal 
resistance values used in the IC data 
sheet, and (b) the additional thermal path 
created by attaching the IC case to the 
mounting studs of the particular socket I 
used. 

reference 

1. " M o t o r o l a MC1469R Positive-Power-
Supply Voltage Regulator Integrated Circuit 
Data Sheet," Motorola .Semiconductor Prod-
ucts, Inc., P. O. Box 20912, Phoenix, Arizona 
85036. 
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NEW 
TRI-EX'S 

MW 
SERIES 

Pound for pound the 
strongest self-supporting 
steel towers available. 

The new economy MW 
Series towers are designed 
to support up to 9Vz sq. ft. 
of antenna area. Featuring 
Tri-Ex's extra strong tor-
sional twist resistant "W" 
bracing, the all steel MW 
crank-up towers come in 
three sizes, each fully gal-
vanized for carefree main-
tenance. Models available, 
by height, are: MW-35', MW-
50', and MW-65'. Nested 
height is between 21' and 
22'. Hinged base and wall 
bracket included with MW 
tower order! See your local 
dealer or write for free cata-
log today. Prices start as 
low as: 

$157.35 

x TOWER CORPORATION 
fdSMUSSEN AVE.. VISALIA. CALIF. 93277 
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Here's a handy operating aid that will be 
appreciated by the moonbounce gang. It 
allows accurate determination of the var-
iance in free-space signal loss caused by 
the change in earth-moon path length. 

The distance between earth and moon 
at the moon's perigee, which is the point 
of the moon's orbit closest to earth, is 
nominally 221,463 miles. At apogee, or 
the point of the moon's orbit farthest 
from earth, the nominal distance is 
252,710 miles. This variation can account 
for a 1.28-dB change in signal level for 
the earth-moon path, or a total of 2.56 
dB for the round trip. 

The optimum time for moonbounce 
work, of course, is at the moon's perigee. 
However, since the earth-moon path dis-
tance varies, it's convenient to know the 
expected signal levels at times other than 
perigee. 

data forecasts 
It will be necessary to know the 

distance between earth and moon at the 
time of interest. Various tables can be 
consulted, but the most convenient 
source of this data is Sky and Telescope} 
a magazine published for astronomy en-
thusiasts. In the Celestical Calendar sec-
tion of this magazine, perigee and apogee 
times of the moon's orbit are given, 
together with earth-moon distances and 
the moon's effective diameter. This data 
is published a month in advance, since 
perturbations in the moon's orbit cause 
perigee and apogee to vary from month-
to-month. Other useful information is 
also given. Sunspots and times of meteor 
showers are forecast, and articles are 
published on radio astronomy and satel-
lite activity. 

using the nomograph 
Table 1 is a computer printout giving 

free-space signal attenuation in dB for 
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table 1. Computer printout showing free-space path attenuation for several 
frequencies as a function of various earth-moon distances. 

distance 
(miles) 

220000 
225000 
230000 
235000 
240000 
245000 
250000 
255000 

50 M H z 
(dB) 

177.82 
178.02 
178.21 
178.40 
178.58 
178.76 
178.93 
179.11 

144 MHz 
(dB) 

187.01 
187.21 
187.40 
187.58 
187.77 
187.95 
188.12 
188.29 

432 MHz 
(dB) 

196.55 
196.75 
196.94 
197.13 
197.31 
197.49 
197.66 
197.84 

1296 MHz 
(dB) 

206.10 
206.29 
206.48 
206.67 
206.85 
207.03 
207.21 
207.38 

2375 MHz 
(dB) 

211.36 
211.55 
211.74 
211.93 
212.11 
212.29 
212.47 
212.64 

3600 MHz 
(dB) 

214.97 
215.16 
215.36 
215.54 
215.73 
215.90 
216.08 
216.25 

several frequencies and earth-moon dis-
tances. The attenuation numbers can be 
read directly from the table for earth-
moon distances between 220,000 and 
255,000 miles in the 5000-mile incre-
ments. The nomograph (fig. 1) is used for 
linear interpolation to determine the free-
space signal attenuation for earth-moon 
distances not given in the table. Note that 
the table and nomograph are based on an 
earth-moon distance of 220,000 miles. 

frequency, then add this number to the 
interpolation factor. Example: 

Earth-moon distance = 233,000 miles 

Operating frequency = 2375 MHz 

From table 1 the free-space loss 
(220,000 miles) = 211.36 dB 

From fig. 1 the interpolation factor 
(233,000 miles) = 0.50 dB 

fig. 1. Nomograph for 
determining loss (inter-
polation) factor for ac-
tual distances between 
earth and moon. 

<o 

3 CO Q 3 
£ -J oso 

025 

S 230 23S 240 3*S 250 255 
DISTANCE FROM EARTH TV MOON (MILES XICOO) 

(200 MILES/DIVISION) 

example 
Knowing the earth-moon distance, 

enter fig. 1 at the distance, and move 
vertically to the intercept line. Then read 
the interpolation factor on the ordinate. 
From table 1, determine the free-space 
loss at 220,000 miles for your operating 

Therefore, the free-space attenuation for 
233,000 miles = 211.36 + 0.50 dB = 
211.86 dB. 

reference 

1. Sky and Telescope, Sky Publishing Corp., 
49-50-51 Bay State Road, Cambridge, Massa-
chusetts 02138. 
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The BC-1206 beacon receiver is another 
of the fine units still available on the 
surplus market that lends itself to modifi-
cation for amateur use. It tunes from 200 
to 400 kHz and has a 135-kHz i f. The 
original design was for a 28 Vdc power 
supply.1 

For some time I had been thinking 
about adapting a BC-1206 for use as a 
portable ham receiver. It looked like a 
natural for solid-state conversion; so I 
replaced the tubes with transistors, added 
a solid-state bfo, 40-meter crystal conver-
ter, and a manufactured audio stage. 
Result: an all-solid, completely portable 
receiver. 

construction 
Preliminary work consisted of check-

ing the unmodified receiver on 28 Vdc, 
then on 12 Vdc after paralleling tube 
filaments. Reception of local and distant 
stations was good. It would have been 
possible to use the receiver on 12 volts 
with only a converter and bfo, but I 
chose the solid-state route for the chal-
lenge and because of economic reasons. 

beat frequency oscillator 
The bfo (fig. 1) is a miniaturized 

version for 135 kHz adapted from refer-
ence 3. It's mounted in a sawed-off T V i-f 
can, to which solder lugs were attached 
and bent outward for soldering to the 
inside front panel. I wired the compo-
nents around the original i-f coil form 
after removing the wire. The submini-
ature rf choke was mounted inside the 
form by drilling a small hole through the 
form and pulling one choke lead through 
the hole. The original slug can be used to 
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control pitch. If no pitch control is 
desired, the slug can be removed. 

I removed the original phone jack and 
substituted a %-inch panel bushing. The 
bfo assembly was mounted with the pitch 
control protruding through the bushing 
for front-panel access. 

The bfo is well shielded, and a pi-
network filter is included in its power 
lead to minimize stray radiation. I used 
miniature coax cable for the output lead. 
In the completed receiver, a "birdie" was 
picked up at the bfo's second and third 
harmonics. A phase-shift oscillator, which 
would have no harmonic output, should 
alleviate this problem and is a possible 
improvement. The receiver is used for cw 
and ssb only, so I didn't include a bfo 
control switch. 

the converter 
The 40-meter converter (fig. 2) is a 

miniaturized one-band version of another 
design.4 It is housed in a steel box that 
fits into the space left by the i-f detector, 
the audio tubes and the output transfor-
mer. 

I drilled a hole in the side of the 
crystal socket and mounted the socket 
horizontally to provide clearance for the 
housing. No special precautions are neces-

Interlor view of modified receiver. Con-
verter is in box with crystal on top. 

sary in construction except to keep L1 
and L2 axes at right angles to minimize 
coupling. 

Since my interest was in the 7- to 
7.1-MHz range, and receiver bandwidth is 
best between 200 and 300 (on the main 
tuning dial), a 6.8-MHz crystal was used. 
The rf amplifier isn't needed for sensitiv-
ity, but it helps to suppress images. 

detector and audio 
A single 1N270 could be used as a 

detector, with the bfo voltage injected at 
the i-f amplifier gate. However, I decided 
to use a product detector.5 Experimental-
ly, a pnp germanium transistor was a 

Rear view showing how the audio deck is 
mounted. Battery is an Eveready 246; 
six size D cells in series could be used. 

good substitute for the two diodes (fig. 
1 ) . 

I used a Round Hill model AA-100 
audio amplifier* because I had one on 
hand. However, other audio boards, mod-
ules, or ICs will work just as well. 

I mounted the audio amplifier on the 
rear deck of the receiver after removing 
all the original rear components except 
the small open-frame filter choke. To 
make the amplifier fit into the space, it 
was necessary to remove the output 
transformer, relocate one 100 m F capaci-
tor, then saw off both ends of the board. 

"Round Hill Associates, Inc., 434 Avenue of 
the Americas, New York, N. V. 10011. 
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I put a thin sheet of insulation on both 
sides of the board and cemented more 
insulation to the inside back of the 
amplifier housing to ensuce against short 
circuits. 

and rf stages wil l tend to oscillate if jfets 
are used. Rather than neutralize these 
circuits, I used 3N128 mosfets, which 
provide good stability and adequate gain. 
The usual precautions must be used when 

ftF AMPLIFIER At/xeff hF AMPLIFIER PRODUCT DETECTOR 

2 0 0 - 4 (X»H; l 3 5 « H l 

fig. 1. Schematic of converted BC-1206 beacon receiver wi th added bfo arid audio stages. 
Components marked wi th an asterisk are original. R F C 1 and R F C 2 are 3.9 m H (J. W. Milter 
7 0 F 3 9 3 A I ) . 

Next, I solder-mounted the output 
transformer below the board and recon-
nected the transformer. Since the board 
operates from positive ground, the input 
and output windings must be lifted from 
board ground and connected to the main 
radio chassis ground to avoid shorting the 
battery. These are pins 1 and 9 respective-
ly of T1 and T3 on the AA-100 board. 

The amplifier oscillated when it was 
connected to the common battery source, 
and the usual decoupling methods didn' t 
help. The problem was cured by connect-
ing the open-frame fi lter choke in series 
wi th the amplifier's negative lead. A 
2y4-inch 3-ohm speaker was mount-
ed in the space left by the original rf and 
converter tubes. 

i-f and rf amplifiers 
The receiver wi l l work merely by 

replacing tubes wi th fets; however, the i-f 

handling such devices. I used an MPF105 
(2N5459) and an MPF104 (2N5458) for 
mixer and local oscillator. 

I varied resistances for each stage for 
opt imum performance, then soldered 
fixed resistors into the circuit. The age 
line was left intact, although it has litt le 
effect on operation. Better age might be 
had by using double-gate mosfets. 

power supply 
Optimum supply voltage is 9 volts, 

although the receiver wi l l operate on 7% 
volts wi th less audio. With 12 volts, 
additional spurious signals wi l l appear in 
the output. These are caused by the 
crystal oscillator beating wi th the local 
oscillator harmonics. A t 9 volts, idle 
current is about 15 mA wi th peak current 
over 35 mA. 

Small transistor batteries wi l l work, 
but they have poor regulation and short 
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life for this application. The larger tran-
sistor-radio batteries are better. Nicad or 
mercury batteries are also good. Six size 
D flashlight cells in series make an eco-
nomical power pack. 

RF AMPLIFIER 
TOCO- 7200*Hz 

HEP 801 

good results, which satisfied an urge for a 
c o m p l e t e , miniaturized, all-battery-
operated, solid-state station. 

Low-power transmitters are fun, but 
it's more fun using a iow-power receiver 

MIXER 

200 - ICOtHt 

MPFIOS (2NS4S9I 

- H i 10 ffCVF? INPUT 

L I , L 2 t S turns no. 3 0 en-
a m e l e d , c l o s e -
w o u n d o n ' A " 
s lug-tuned f o rm 

secondary is 42 
turns no. 3 0 enam-
eled, c l o s e w o u n d 
on V4" s lug-tuned 
f o rm; p r imary is 7 
turns no. 3 0 enam-
eled, c l o s ewound 
over co l d end of 
secondary . 

fig. 2. So l id-state converter for 7 M H z . C o m p o n e n t s fit in to space f o rmer l y occup ied b y tubes and 
ou tput t ransformer. " G i m m i c k " is t w o J " lengths of h o o k u p wire twisted together. 

the exterior 
I drilled additional holes in the right 

side of the case for a speaker grill and 
added a hole in the left side for the 
antenna connection. I also added bumper 
feet to the bottom, a cutout in the rear to 
pass the battery connector to the outside, 
and mounted a battery holding strap onto 
the rear of the cabinet. 

operation 
The converted BC-1206 provides sen-

sitive, stable, and fairly selective cw and 
ssb reception in a small package wi th low 
power requirements. It needs only a short 
antenna: a wire about 15 feet long or so. 

I've used this receiver with a compan-
ion low-power transistor transmitter with 

with the transmitter. The receiver is also a 
valuable adjunct to your station for emer-
gency use. 

references 
1. Grayson, "Surplus Schematics Handbook," 
Cowan Publishing Corp., Fifth Printing, August, 
1967 ,p .49 . 
2. "Instruction Manual, Model 524 Beacon 
Receiver," Setchell Carlson, Inc., St. Paul, 
Minnesota. (Sometimes available with surplus 
receivers.) 
3 . Marriner & Meredith, "Transistorized 
455-kHz BFO," ham radio, July, 1968, p. 12. 
4. Sam Creason, "An FET Converter for 40 
and 160," 73, October, 1967, p. 26. 
5. "Heterodyne and Product Detectors," The 
Radio Amateur's Handbook, ARRL Staff, 1969 
Edition, p. 97. 
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Now that economically priced solid-state 
devices are available for use above 400 
MHz, the cost of building uhf equipment 
has been considerably reduced. The con-
verter described here uses only seven 
active devices, all of which cost less than 
$3.50. The 2N5245s net at 70i, the 
40237s are 38< ,̂ and the diodes are about 
30^ apiece. 

The bandwidth of the converter at the 
3-dB points is between 431 and 433 MHz. 
The noise figure is 3.5 dB. If you'd like to 
reduce this another half dB or so, a 
2N5397 fet can be used in the first rf 
stage instead of the 2N5245; however, 
the 2N5397 costs about $8.50. 

The circuit is conventional (fig. 1). 
Two fet grounded-gate amplifiers and a 
common-emitter mixer are used. Oscilla-
tor output is about 8 mW. The quad-
ruplet" output is somewhat below this, but 
it provides sufficient injection voltage for 
the mixer. Both input and local oscillator 
signals are applied to the mixer transistor 
base. This arrangement offers the best 
conversion efficiency for this type transis-
tor at these frequencies. 
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layout and construction 
Component arrangement, component 

spacing, and wiring placement have been 
optimized for best performance based on 
several earlier versions. Shielding isn't 
necessary, since there appears to be 
enough feedback in the front end to 
eliminate any tendency toward instabil-
ity. As a matter of fact, the shielding that 
was installed around each of the first 
three stages in the original model had to 
be removed to eliminate regeneration. 
The spacing between tuned circuits in the 
amplifier and mixer was optimized to 
provide satisfactory interstage coupling 
without the use of capacitors. 

The chassis measures 5x7x2 inches. 
The circuit board is glass epoxy with 
copper foil on one side. These boards are 
available from many surplus outlets. 
Some are pull outs from computer mod-
ules and have discrete components 
mounted on them, which can be salvaged 
for your junk-box inventory. 

Component arrangement. Rf ampli-
fiers and mixer tuned circuits are 
mounted along the near edge of 
board; oscillator and power supply 
are at rear. 

All wiring except that for the power 
supply is on top of the board. This allows 
power to be fed to all stages via feed-
through capacitors, which minimizes 
coupling problems in the wiring. The 
board should be drilled as closely as 
possible to the dimensions on the tem-
plate except for holes associated with the 
power supply. 

coil construction 
The Q of the tuned circuits was 

increased when the hairpin loops were 
made of copper strip instead of wire. 
Coils L1, L2, L4, and L9 are made by 
cutting 20 gauge flashing copper in strips 
% inch wide by 2-1/8 inches long. The 
mixer coil, L5, should be V& inch shorter 
to reduce its inductance so that it will 
resonate with the tuning capacitor piston 
halfway inserted. The end of the coil that 
is soldered to the feedthrough capacitor is 
trimmed to a point. When the loops are 
installed they should stand 1-3/8 inches 
above the board. 

Coil L3 is made from a copper strip 
2VA inches long. The ground end should 
not be trimmed to a point but should be 
bent out 1/8 inch for soldering to the 
board. Otherwise its. construction is the 
same as the other amplifier coils. 

The i-f output coil, L6, consists of 18 
turns of no. 24 enamelled wire close 
wound on any type of 3/16-inch diameter 
slug-tuned form. (A grid-dip oscillator 
should be used to check the coil.) The 
output link, L7, is made from three turns 
of no. 22 enamelled wire wound on the 
cold end of L6. 

The oscillator coil, L8, consists of 
4% turns of no. 20 enamelled wire, space-
wound, Vi. inch long by % inch I.D. The 
output tap is located 1 turn from the top. 

local oscillator 
An rf choke is used in the crystal 

circuit to allow warping of the crystal 
frequency without appreciable loss in 
output. I suggest the crystal be ordered 
for 100.872 instead of 100.875 MHz, as 
the frequency will fall much closer to 
100.875 if the crystal is ground for this 
lower frequency. The oscillator operates 
from the 10-V regulated supply, and the 
stability after a few minutes warmup is 
excellent. The frequency at 432 MHz was 
checked and exhibited a drift of about 
300 Hz over a 3-hour period. 

assembly 
The unit should be assembled in the 

following sequence after the board is 
drilled. 
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OUTPUT 

C 1 1-8 pF piston variable (Tr iko 106 -01M) 

C Z 1'/2—10 p F air padder (Johnson T 1 0 6 S ) 

C R 1 any diode rated at 200 V piv 

C R 2 t O V z e n e r 

J1 U G - 1 0 9 4 A / U B N C receptacle 

J2 phono jack 

J3 standard ac receptacle to accommodate 

T V cheater cords 

R F C 1 7-3/8" length no. 24 wound on 'A-watt 

resistor 

R F C 2 Same as R F C 1 (may not be necessary) 

T 1 

Y I 

12.6 V filament transformer (Calectro 
0 1 - 7 5 0 or equivalent) 

100.872 MHz 5th overtone crystal (see 
text) 

fets are Texas Instruments 2 N 5 2 4 5 o r S i l i c on i x 
2 N 5 3 9 7 

transistors are R C A 4 0 2 3 7 

feedthrough caps are Al len Bradley F W 5 N , 4 7 0 
PF 

standoffs are A r co D M 1 5 1501 

chassis is California A 1 0 1 , 5 x 7 x 2 inches 

fig. 1. Schematic of the 4 3 2 - M H z solid-state converter. Circuit features low-noise front end and 
highly stable oscillator. 

1. Install all feedthrough capacitors. 

2. Install the transistor sockets, using 
a good grade of cement. 

3. fnstall the piston tuning capacitors 
and connect them to the proper termi-
nal on the sockets. 

4. Install the output slug-tuned coil. 

5. Install the oscillator coil. This 
coil is rigidly supported by mounting 
it in a vertical position. Solder the 
bottom end to the center of the 
feedthcough capacitor, and connect 
the top end to C2 and the collector 
pin on the transistor socket using 
short, stiff leads. 
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fig. 2. Full-size drill template for the 432 -MHz converter. Holes for feedthrough capacitors (FT), L6 
and C I are 3/16" diameter. B N C connector holes are 3/8". Transistor sockets and J2 require 1/4" 
holes. 
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6. Install the hairpin loops, being 
careful to solder them to the feed-
through capacitors so that the capaci-
tor isn't shorted with a drop of solder. 
The coupling capacitors on L1, L5 and 
L9 are soldered onto the loops near 
the top on the bypassed side. 

7. Complete the quadruplet and oscil-
lator wiring. 

8. Finally, install the power supply, 
then complete the wiring on top of the 
chassis. 

The two fets should be installed wi th 
the input tuned circuit connected to the 
source and the output connected to the 
drain so that 2N5397 or 2N5398 fets can 
be used if desired. When the 2N5245s are 
installed, the drain and source wil l be 
reversed; however this wil l have no effect 
on their operation. This is not true wi th 
some of the other fets. 

tuneup and adjustment 
If a commercial-type signal generator 

isn't available, I'd suggest that one of the 
vhf small-signal sources be built in 
accordance wi th my article in a previous 
issue of ham radio.1 The converter can be 
aligned using the third harmonic from a 
144-MHz t ransmitter. However, it may be 
dif f icult to obtain optimum performance 
unless a variable output generator of 
some type is used. 

The first testing should begin wi th the 
oscillator and quadrupler. A gdo tuned to 
the oscillator frequency wil l allow you to 
determine if the crystal is operating on 
the proper mode. A vtvm wi th an rf 
probe can be used to peak the quadrupler 
output. The probe should be coupled 
through a 33-pF capacitor to the top of 
the mixer hairpin loop and the quad-
rupler adjusted for maximum output. It 
wil l be necessary to use one of the 
lower-voltage scales to detect the very 
small amount of rf at this point in the 
circuit. Once the signal from the genera-
tor or from the 144-MHz transmitter is 
found, all tuned circuits can be readjusted 
for optimum signal. 

A word of caution here: When peaking 

the circuits, tune off the incoming signal 
and check the noise level as indicated on 
a receiver S meter. The objective is to get 
the greatest possible signal-to-noise ratio. 
Final adjustments can be made with a 
noise generator, which should be used if 
possible. A second word of caution: Use 
a noise generator for very slight readjust-
ments only. You may get one of the 
stages tuned to the image frequency and 
the noise figure will appear to be very 
good, but 432-MHz stations probably 
won't be heard unless they're next door. 

The final adjustment should be made 
with the converter mounted in the chassis 
with all of the mounting screws tightened 
carefully. Final adjustments can some-
times be made quite well while listening 
to a distant weak signal provided it isn't 
fading. 

operating results 
Several of these converters have been 

operating in this general area wi th very 
good results. Noise figure has been mea-
sured at close to 3.5 dB on all units. I 
have never failed to copy WB6PDN'stwo 
watter in Stockton wi th this converter 
connected to a 16-element colinear anten-
na only 24 feet high. Stockton is well 
over 100 miles from my location, and the 
path is across several mountain ranges. 
Stations in the San Francisco bay area as 
far south as San Jose, a distance of about 
80 miles, are worked regularly. Only 
about four stations use more than a few 
watts on 432 MHz. 

While converters in this band are not 
as easy to build and adjust as those for 
144 and 50 MHz, they wil l work without 
too many difficulties if one is careful in 
construction. Try to use a hefty signal 
when starting the alignment and graduate 
later to weaker signals. 

My thanks to many of the dedicated 
vhfers in this area who provided much 
helpful information in building this con-
verter. 

reference 
1. James W. Brannin, K6JC, "A Stable Smalt-
Signal Source for 432 MHz," ham radio, March, 
1970, p. 58. 

ham radio 

38 EJ october 1970 



partners 
in 

excellence 

An outstanding technical guide 
to all phases of amateur radio. 
In 832 pages 20 complete chap-
ters are devoted to such subjects 
as single sideband, antennas, mo-
bile equipment, RTTY and much, 
much more. 

This excellent book has received 
wide acclaim on both sides of the 
Atlantic and belongs in your li-
brary . . . now. $11.95 

OTHER 
POPULAR RSGB PUBLICATIONS 

Radio Date Reference Book $2.50 
VHF-UHF Manual 3.75 
Amateur Radio Techniques 2.50 
Amateur Radio Circuits Book 2.00 
World at Their Fingertips 2.50 

AH prices postpaid in USA & Canada 

Many thousands of you have be-
come very familiar with the vari-
ous Radio Society of Great Britain 
books and handbooks, but very 
few of you are familiar with their 
excellent magazine, Radio Com-
munication. 

This is the oldest and most widely 
read British amateur radio maga-
zine. Published monthly it pro-
vides complete coverage including 
such popular features as: Techni-
cal Topics, a monthly survey of 
the latest ideas and circuits, Four 
Meters and Down, a rundown of 
the latest in VHF and UHF and 
much more. 

It includes numerous technical 
and construction articles in addi-
tion to a complete rundown on 
the month's events in amateur 
radio. Surely a most interesting 
addition to your amateur radio 
activities. 

Act Quickly! A price increase will 
be announced very soon. Send 
your subscription to us today 
while it is still only $6.00 per year. 

b o o k d i v i s i o n 

Box 592 • Amherst, New Hampshire 03031 
"WE ARE T H E EXCLUSIVE NORTH AMERICAN DISTRIBUTOR FOR RSGB PUBLICATIONS 

DEALER INQUIRIES INVITED" 
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precise 

frequency 
tuning 

with 

ssb equipment 

Hints on 

pinpointing 

operating frequency 

in the ssb, cw, 

and rtty modes 

Single sideband has come of age. That 
struggling infant, the "new" communi-
cations mode that initially attracted only 
a se/ect group of amateurs, has finally 
been accepted. Gone are the somewhat 
snobbish (but enjoyable) sideband din-
ners and sideband forums that used to be 
so popular. Articles explaining single side-
band are now conspicuous by their ab-
sence in the amateur literature. 

Despite the wide acceptance of ssb, 
some of its aspects remain mysterious and 
confusing to many. One is how to deter-
mine the actual transmitted and received 
frequency, a capability especially needed 
by net-control stations and to a lesser 
degree by net-responding stations. 

This article reviews some of the basic 
principles unique to ssb and offers sugges-
tions to aid in adjusting transmitters and 
receivers to a desired frequency with 
certainty and precision. 

background 
Sideband started on the ham bands 

with home-constructed exciters. Then we 
added linear amplifiers, vox, bandswitch-

c3 ing, and the oscilloscope to check linear-
^ ity. Receivers became more complex. We 
| added sideband slicers, compression am-
~ plifiers, Q multipliers, etc., until a side-
0 bander's station looked like the bargain 
<5 basement in a radio store. 

Then manufacturers made exciters 
§ available—receivers too. These were fol-
| lowed by linears. In 1957 Collins intro-
< duced a revolutionary little set that be-
ui came the vanguard of the industry-a 
§ transceiver. The KWM-1 combined both 
™ transmitter and receiver in one compact 
q package, and the radio-store look of the 
H ham shack gave way to a neat, wife-
Si approved station. 
Sf Sideband transceivers so dominate 
£ ham radio today that even seasoned hams 
1 at times feel as though they are operating 
a a-m equipment in unfamiliar territory. 
q The following paragraphs will help to 

S 
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dispel some of the confusion associated 
with tuning ssb equipment and allow you 
to d e t e r m i n e operating frequency 
whether using voice, cw, or rtty. 

a m signals 
For a start, let's look at the grandpa 

signal, amplitude modulation. Basically, 
any radiotelephone transmitter merely 
translates audio frequencies to radio fre-
quencies, and the receiver translates the 
radio frequencies back to audio frequen-
cies. To accomplish this, one must use a 
frequency translator into which is inject-
ed two signals: that which is to be 
translated and another signal generated 
locally In an oscillator. When combined in 
the frequency translator, the two signals 
are said to be heterodyned. Sum and 
difference signals are produced, and the 
composite signal consists of the cw carrier 
and two mirror-image sidebands, which 
contain the a-m signal. A graphical repre-
sentation of this is shown in fig. 1. 

ssb 
Those who take license exams must 

learn that, "Fo r each modulating fre-
quency an upper and lower frequency 
appears either side of the carrier by an 

LOWER SIDEBAND - -

fig. 1. Representation of amplitude-modulated 
signal, consisting of carrier and two sidebands. 

amount equal to the frequency of the 
modulating tone." For speech, a band of 
frequencies (roughly from 300—3000 Hz) 
appears rather than individual side fre-
quencies. These are called sidebands. 

As the magazine articles told us when 
ssb was new, "No information is passed 
by the carrier. A l l it does is 'blow the 
whistle.' Therefore, we don't need the 
carrier for communications. Also, since 

it contains all the information needed for 
communications." This concept is depict-
ed in fig. 2. The upper sideband remains, 
as in the a-m signal, but the carrier and 
lower sideband have been suppressed. 

ssb tone generator 
A statement similar to that made 

earlier about an a-m signal can be made 
about an ssb signal: " for or modu-
lating frequency an upper and lower 
sideband appears, which is removed from 
the suppressed carrier by an amount 
equal to the frequency of the modulating 
tone." 

The practical result is that, if you feed 
a pure tone of a given audio frequency 
into a quality ssb transmitter, a single 

SUPPRESSED 
CARRIER _ 

\ 
SUPPRESSED 

LOWER SIDEBAND 
UPPER SIDEBAND 

fig. 2. Single-sideband signal; one sideband 
and the carrier have been suppressed. 

frequency wil l be produced that is re-
moved from the suppressed carrier by an 
amount equal to the audio frequency. 
Many ssb transmitters and transceivers 
take advantage of this phenomenon by 
using a tone generator to derive a cw 
signal. 

Now here's where the confusion be-
gins. If you calibrate your receiver so the 
dial hairline coincides with 0 on the dial 
when you tune to zero beat against the 
calibrator signal, what you actually hear 
is the suppressed-carrier frequency. Theo-
retically, no energy is either radiated or 
received on that frequency. If you're 
operating phone on upper sideband, com-
munication is taking place 300—3000 Hz 
above the dial reading. If on lower side-
band, the energy is 3 00 - 3000 Hz below 
the dial frequency. 

cw frequency spotting 
The explanation above is fairly easy to 

understand, but let's say you own a 
transmitter that generates cw by passing a 
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tone through the balanced modulator and 
the sideband filter. You're the control 
station for a cw net, say, and must place 
your transmitter on a specific frequency 
to begin calling the net. How do you set 
your dial to obtain that frequency? 

This isn't too difficult. If you know 
the frequency of the tone generator, and 
the upper-sideband position is used for 
cw, then tune your dial lower in frequen-
cy by an amount equal to the frequency 
of the tone oscillator {see fig. 3). If the 
audio tone is converted to "carrier" and 
the true carrier is suppressed, to be on 
frequency you must sidestep the dial 
tuning to place the resultant "carrier" 
where the true carrier would have been if 
it were radiated. 

RESULTANT 
CARRIER 

S U P P R E S S E D SUPPRESSED 
LS8 IMAGE 

\ 

t 

C A R R I E R ^ 

• 

fig. 3. Frequency setting on cw with ssb 
transmitters using a tone generator. In the 
example shown, usb is used; dial setting 
must be set lower in frequency by an 
amount equal to tone oscillator frequency. 

possible your ssb exciter won't pass audio 
frequencies above about 2500 Hz, so you 
use a tone generator that operates on 
1275 and 2125 Hz. This gives the more 
commonly used 850-Hz shift. One-half of 
850 Hz is 425 Hz; 2125 minus 425 is 
1700, 1275 plus 425 is 1700. Therefore, 
from this we may conclude 1700 Hz is 
the center frequency. To straddle the 
assigned frequency, first zero-beat your 
dial against the nearest 100-kHz point, 
then tune to 1700 Hz above the assigned 
frequency with the exciter and receiver in 
the Isb position. With 2125 and 2975 
tones, the above information applies, 
except the center frequency is now 2550 
Hz. Therefore, you should tune 2550 Hz 
higher for these tones. 

Most sideband exciters neither have 
dials that can be read this accurately, nor 
does the output frequency ordinarily 
coincide this closely with the dial reading; 
but this is good ballpark information for 
much of the equipment available today. 
Very exacting requirements will demand 
the use of a counter or other accurate 
frequency meter to set up the individual 
transmitted frequencies precisely. 

As an example, you're to call a cw net 
on 3565 kHz, and your sideband trans-
mitter generates cw with a 1500-Hz tone 
oscillator working against the upper side-
band bfo crystal. By setting your dial to 
3563.5 kHz, your output frequency will 
be 3565 kHz; 

suppressed carrier frequency = 3563.5 

+ 1.500 
tone oscillator frequency = 

3565.000 

frequency setting on rtty 
Now let's suppose you're a control 

station for a tty net and you're feeding 
tones into your sideband transmitter, 
which it converts to frequency-shifted rf 
for transmission. How do you set the 
transmitter on frequency? 

Usually, but not always, a center 
frequency straddled by the two tty fre-
quencies is assigned as net frequency. It's 

mark and space signals 
Reference has been made to operating 

rtty on lower sideband. This is an arbi-
trary practice followed by amateurs, 
MARS, and some military organizations 
on the hf bands. What actually is trans-
mitted can be remembered easily by 
stealing an acronym from a tobacco 
company, "LS/MFT." Supply the words, 
"low space makes fine teletype." The 
mark frequency is always the higher 
frequency transmitted, and space is the 
lower frequency. In practice the space 
signal sounds higher, but that's because of 
sideband inversion due to operating the 
equipment on lower sideband. When a 
transmitter employing a carrier is used, 
such as the a-m and fm equipment on the 
vhf bands, the tones are broadcast 
"right-side-up" with the space tone high-
er. This is known as afsk, or audio 
frequency-shift keying. 

ham radio 

42 QQ october 1970 



the simplest 

audio 

filter 

These circuits 

offer the ultimate 

in simplicity 

for effective 

cw reception 

Many audio filters have appeared in maga-
zine articles for both cw and ssb. The 
more popular of these have been centered 
around 44- and 88-mH toroids available 
for as little as 30 cents each from surplus 
sources.* This article describes such a 
filter for single-tone cw reception, but 
with alt the nonessential frills removed. 
Also these filters have been tested on an 
audio-frequency spectrum analyzer, so 
their response using actual speaker loads 
is known quite exactly. 

filter criteria 
A cw filter must have one prime 

qualification to be considered good, 
namely very narrow bandwidth. Since 20 

Iwpm represents only about 10 Hz actual 
information bandwidth, the filters of use 
to hams can be very sharp indeed. How-
ever, we can't practically use a 10 Hz 
filter, because transmitter plus receiver 
drift would require constant retuning. 
Also the filter would ring, producing 

5 disagreable-sounding code. The ringing 
g] could be removed by damping, but the 
w pulses would still have rounded, sine-
2 wave-like shapes. Therefore, the filter 
o should be somewhat wider than the mini-

u"„ mum bandwidth based on information 
| theory. 
g Assuming ssb-grade frequency stabil-
5 ity, the combined short-term drift of 
2E transmitter and receiver will seldom ex-
% ceed 50 Hz. This bandwidth, being five 
J» times wider than the minimum necessary 
® to pass all the information, will pass 
% pulses with a square-wave shape. So a 
< practical cw filter should not be narrower 
6 than about 50 Hz; and to be called good, 
!§ it should not be wider than about 100 
O Hz. 
pi Another desirable feature for a gen-
^ eral-purpose filter is that it operate in the 
* speaker leads to eliminate the necessity 
Z for modifying resellable hardware. 
5 If you're using an ssb receiver, all of 
<2 which have linear product detectors, 

there is absolutely no signal-to-noise ad-

® *See flea market ads in practically any issue of 
w ham radio. 
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vantage whether the filter is in the pre-
detectiori (i-f) or postdetection (audio) 
circuits. This isn't true for a-m receivers 
with their conventional detectors, how-
ever. For these, a Q multiplier in an i-f 
stage will give the ultimate in weak signal 
reception. But the audio filter is equally 
useful in a-m receivers for interference 
rejection. Why? Because the nonlinearity 
of the a-m detector becomes serious only 
on weak signals, where this nonlinearity 
produces noise. On weak signals the audio 
signal-to-noise ratio is considerably de-
graded from that which prevailed in the 
i-f amplifier before detection. This weak-
signal degradation doesn't occur in an a-m 
receiver under normal interference con-
ditions, since then the signals are strong 
enough to operate the a-m detector above 
the degradation point. 

However, you can't have everything; 
and even with an ssb receiver, a very 
narrowband filter in the speaker leads 
won't prevent a strong adjacent signal 
from generating strong age, thus weaken-
ing the signal you're selecting with the cw 
filter. This can be annoying if the strong 

C Frequency 
(MF) (Hz) 

fig. 1. The simplest 
audio filter. Band- 0.22 1200 
width is about 70 H2 0.5 720 
at 1.2 kHz; circuit Q 1.0 520 
is approximately 17. 2.0 380 

adjacent signal is cw, because receiver 
gain will flip up and down in response to 
keying. The desired signal will sound like 
one subjected to severe flutter or fading 

conditions. The only remedy for this in 
ssb receivers is a filter ahead of the age 
rectifier. In a-m receivers, filtering in the 
i-f amplifier will prevent this problem. 

circuit Q 
The Q and hence the bandwidth of 

any practical filter is a function of the 
quality of components and circuit load-
ing. Circuit Q defines the bandwidth as a 
percentage of the operating frequency. 

fig. 2. A filter with 40-Hz bandwidth at 1.2 kHz. 

Thus a filter with a Q of 10 operating at 1 
kHz would have a bandwidth of 100 Hz; 
and at an operating frequency of 100 Hz, 
the same coil with a larger tuning capaci-
tor would still have a Q of about 10 but a 
bandwidth of only 10 Hz. Obviously if 
your desired signal had interference from 
a nearby signal, the lower you set the 
beat note, the easier it would be to 
separate the two signals with a given 
filter. With an ssb receiver, about 300 Hz 
is the lowest you'd care to go, because 
the audio circuits have very little gain 
below this frequency. You can therefore 
choose a frequency between 300 and 
about 1500 Hz, depending upon personal 
tastes. 

the simplest filter 
The simplest filter circuit having all 

the desirable features just described is the 
series-resonant type of fig. 1. The capaci-
tor for this circuit should be 0.22 juF for 
a 1-kHz operating frequency, and 1.0 fiF 
for 500 Hz. This filter has a bandwidth of 
about 70 Hz at 1.2 kHz and proportional-
ly more or less at other frequencies. The 
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Q of the filter is thus about 17, which 
consists almost entirely of the coil Q. 
Since this is the case the Q, and hence 
bandwidth, won't vary much if the speak-
er impedance is between 4 and 16 ohms. 

For those who might want a very 
narrow filter but don't want to operate at 
a beat frequency near 500 Hz, the circuit 
of fig. 2 will give about 40 Hz bandwidth 
at 1.2 kHz. 

The 88-mH toroid in these circuits is 
an unplotted type available from surplus, 
and the low-impedance windings of fig. 2 
are each 6 turns of wire wound over the 
existing windings. Put the input winding 
on one side of the core and the output 
winding on the opposite side for the 
narrowest bandwidth. However, neither 
the number of turns nor their placing is 
very critical. 

selectable-frequency filter 
As I mentioned at the beginning of 

this article, these filters are designed for 
bare-bones simplicity. However, if you'd 
like more versatility at the expense of a 
few more components you can make a 
number of tuning capacitors switch-
selectable. A selection of filter frequen-
cies will allow the cw operator to copy 
signals that may otherwise be lost in 
extremely heavy interference. A schemat-
ic of a multiple-frequency filter is shown 
in fig. 3. 

insertion loss 
The insertion loss of all filters of this 

type is about the same: approximately 20 
dB. This means 1 volt out for 10 volts in. 
This sounds high but really isn't. The 
audio-volume control can be cranked up 
to compensate. This insertion loss results 
because we're using a practical toroid 
instead of a perfect inductor. The Q of 17 
means the coil has an effective ac resis-
tance, including wire loss and core loss 
{and speaker load) of about 35 ohms. The 
insertion loss is the ratio of coil ac 
resistance to load resistance, which can't 
be improved for that particular coil. The 
speaker I used was a 3.2-ohm unit, which 
gave the 10:1 ratio of load resistance to 

total resistance reflected in the 10:1 
input-to-output voltage readings in my 
measurements. This is explained so you 
won't feel something is lacking to cause 
such an apparently large insertion loss. 

The filter in fig. 1 doesn't have dc 
continuity. Some ssb receivers, with no 
output transformer in their audio power 
amplifiers, require a dc path through the 
speaker. My Galaxy V is an example. A 
4- to 16-ohm resistor across the input to 
the filter will solve this problem. 

fig. 3. Frequency-selectable fi lter for improved 
cw reception. SI is a shorting-type switch that 
connects the capacitors in parallel. 

You've probably seen more complex 
filters for cw, but none will outperform 
these circuits in actual use. The loss of 
these filters increases 6 dB for each 40- or 
70-Hz excursion from design center fre-
quencies, and response is 40 dB down 
200 or 350 Hz away. 

a closing note 
The simplicity of the filter will allow it 

to be placed almost anywhere in your rig. 
The toroid measures about 1 by 1/a inch, 
and the capacitors can be physically 
small. The filters will perform as stated if 
wired into your speaker leads if you'd 
rather not disturb the wiring of an expen-
sive transceiver. 

ham radio 
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ferrite bead 
rf stoppers 

In certain 

applications 

ferrite beads 

are excellent 

replacements 

for rf chokes 
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Radio-frequency chokes have certain un-
desirable characteristics that must be 
recognized and corrected if they are to 
operate as intended. Rf chokes have 
"holes" in their frequency-versus-imped-
ance response that can cause resonance in 
conjunction with stray circuit capaci-
tances.* This phenomenon can result in 
high circulating currents that wil l destroy 
the choke coil. 

This article discusses ways of impeding 
the flow of rf current by using ferrite 
beads. These beads are made of ferrous 
particles imbedded in a ceramic material, 
much like the cores in some rf coils. The 
physical structure of the beads is some-
what different, however, in that they 
have a hole through their centers to 
accept a wire. 

characteristics and uses 
Running a wire through a ferrite bead 

greatly increases the inductive reactance 
of that length of wire. This reactance 
follows the familiar 6.28fL law, which 
shows that as the frequency increases, so 
does the reactance. At 50 MHz, for 
instance, one inch of wire through a 
ferrite bead may show an impedance of 
50 + j45 ohms. String on more beads, and 
the impedance goes up. It increases in a 
smooth and totally predictable manner-
no holes, no peaks. 

Now let's see how these beads can be 
used in ham equipment. For decoupling 
dc and ac power leads, they're ideal: 
small, effective, free of dc (or low-
frequency ac) resistance, and not suscep-
tible to resonance from associated capaci-
tance. 

The increased impedance offered by 
the beads at higher frequencies suggests 

*An example is the requirement for modifying 
the plate-feed choke in high-power tetrode 
amplifiers when they first became popular. This 
is explained in George Grammer's "Pi-Network 
Tank Circuits for High Power," QST, October, 
1952 and in the 1953 edition of the ARRL 
Handbook, editor. 

48 QS October 1970 



another application: that of vhf or uhf 
parasitic-oscillation suppression. Remem-
ber that the impedance consists of a 
resistive as well as a reactive component. 
This acts as a potent suppressor of vhf or 
uhf oscillations, while having very little 
effect on the primary signal. 

This same characteristic can be a tem-
per saver in eliminating rf pickup and 
rectification of amateur signals by audio 
equipment. One of the most frustrating 
jobs you can tackle is that of curing rf 
pickup (and rectification) in a neighbor's 
transistorized hi-fi audio equipment. The 
low impedances encountered in these sets 
make rf bypassing almost a hopeless task. 
A ferrite bead or two slipped over the 
base (or gate) lead of each susceptible 
transistor can save much hair tearing. 

drawbacks 
There must be some negative factors! 

For one thing, the beads saturate with 
too much current through the wire upon 
which they're strung. This means you 
can't use them to decouple the filament 
of a high-powered transmitting tube in 
the grounded-grid circuit. Also, they're 
not suitable in place of an rf choke in 
parallel-feeding a transistor in a powerful 
transmitter. 

One reason why these handy little 
devices haven't found greater use among 
radio amateurs is that they are not listed 
in most supply catalogs.* Ferrite beads 
are manufactured by Stackpole Carbon 
Company, Electronic Components Divi-
sion, St. Marys, Pennsylvania, and by 
Ferronics, Inc., 66 North Main St., Fair-
port, New York 14450. You may have 
difficulty in purchasing small quantities 
from these sources, however. 

In summary, the use of ferrite beads 
offers a quick, easy, and painless cure for 
many of the problems confronting the 
builder of ham equipment. Use them— 
you'll like the way they work. 

ham radio 

•One exception to this is World Radio, 3415 
West Broadway, Council Bluffs, Iowa 51501. 
W R L lists them on page 82 of their 1970 
catalog as number 75A054; 12 beads in a 
package for $2.00. 
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ideas for an 

electronics 

workbench 

Like to build 

your own gear? 

Try these 

suggestions 

for an efficient 

and 

safe work area 

What would you say is the one most 
important piece of equipment in your 
electronics work shop—oscilloscope? 
Vtvm? Clearly it's your workbench. A 
well-designed workbench can mean the 
difference between pleasure and drudgery 
if you spend long hours experimenting 
and building your own ham gear. If i -
you're planning a new workshop or jm 
would like to improve your existing one, 
the suggestions offered in this article will „,* 
help you design a work area having an j£ 
efficient arrangement of facilities. Design ^ 
suggestions also stress comfort and safety. 

basic requirements 
Key requirements for an electronics 

workbench are accessibility to test equip-
ment, tools, and spare parts; adequate 
strength; and reasonable cost. If you 
work on modern equipment, as I do, you 
probably won't have a piece of equip-
ment heavier than 50-75 pounds, so a 
massive bench is not a requirement. The 
trend of modern electronics equipment is 
such that a good workbench can be built 
from scratch for less than it can be 
purchased. Let's take a look at some 
design considerations. 

size and height 
A bench with dimensions less than Vk 

x 4 feet is probably too small for maxi-
mum comfort and efficiency; if more 
than 2'/a x 5 feet, it's really too large for 
modern electronics work. 

The bench working surface can be 
either 29 inches from the floor if an 
adjustable office chair is used (recom-
mended for long-time comfort), or 36 
inches high for standing at the bench or 
sitting on a tall chair. (The Sears catalog 
has a good choice of such chairs.) What-
ever the bench height, a slight adjustment 
will be necessary if you're taller than 
about SV2 feet. Alternately sitting and 
standing, over long periods of time, is 
restful. 

The lower height is nice because every-
thing is closer to the floor. For example, 
a scope on a cart1 will free much bench 
space. If the cart is close to the floor, the 
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low e.g. is insurance against toppling a 
piece of expensive test equipment. On the 
other hand, a higher bench will allow 
several storage shelves underneath. To 
resolve this problem, I suggest you make 
some scaled sketches then mock up some 
experimental designs with cardboard car-
tons. 

shelving 
Shelves are necessary in any workshop, 

of course. At least one should be mount-
ed over the working surface. Mount it 

BENCH 

fig. 1. Simple but effective input 
wiring circuit. Lighting and power 
circuits are independent. 

about 15 inches to the right of the 
working area if you're right-handed; op-
posite if you're left-handed. It should be 
about 12 inches above the working sur-
face. If you do a lot of experimenting, 
you can't have too many shelves. I'd 
suggest planning your workbench installa-
tion so you can add more shelves later. 
You can buy metal brackets at Sears that 
will accept a wide variety of plain pine 
boards. 

parts storage 
An excellent source of plastic storage 

boxes for small parts is Allied Electron-

ics.* These boxes are made by Vlchek. 
Examples are Vlchek P812 (12 compart-
ments) and P824 (24 compartments) at 
about $2.00 each. Many arrangements are 
available for your needs. These little 
boxes can be nested in a modular arrange-
ment for easy access to parts. 

construction notes 
Many facts taken for granted by car-

penters and cabinet makers will come as a 
surprise if you're not familiar with wood-
working techniques. For example, if your 
plan calls for a length of common 2 x 4 
lumber, you'll discover that the item you 
buy is about 1-5/8 x 3-5/8 inches. Com-
mon pine or fir is good and inexpensive, 
but lookout for knots and warped mate-
rial. 

You can save yourself the trouble of 
cutting material to size for a little extra 
money. Most lumber supply dealers offer 
a cutting service. But watch out—if the 
dealer has one of those large vertical 
frameworks that takes anything from 
small board to a sheet of plywood, 
chances are the salesman will cut the 
piece by pulling a rotary saw down it. I've 
seen three of these arrangements, and 
none would cut square to either edge or 
surface of the work. 

assembly 
How do you assemble the pieces? 

Again, assuming you're not much of a 
carpenter, here are some useful hints. Use 
screws to join large subassemblies so 
they'll come apart for moving. Use nails 
for smaller work (shelves, bench top, 
etc.). An effective and strong joint can be 
made by running a thread of glue along 
the material to be joined then nailing the 
pieces together. The nails should come 
out without weakening the joint, but it's 
best to leave them in. 

lighting 
Good planning for a workbench in-

cludes lighting. Fluorescents are preferred 
to incandescents, as they offer more than 
twice the light per hundred watts of 

•Allied Electronics catalog 280, p. 267. 
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power. If a light is poorly positioned, 
your vision becomes less effective and 
you tire rapidly. 

Three to five well-positioned 40-watt 
fluorescents will provide good illumina-
tion for most work if the fixtures aren't 
too far from the bench. Used fluorescent 
fixtures are often available from electri-
cians and should require very little repair. 
Electrical noise is a problem with some 

could put some of your gear at 115 Vac 
with respect to ground. 

antenna simulation 
An antenna connection is a useful but 

not necessary provision at your work-
bench. If you can afford it, a signal 
generator producing a controllable micro-
volt signal is preferable, because it can be 
used for realistic sensitivity measure-
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fig. 2. Suggested workbench installation. 

fluorescents; but in industrial and person-
al experience, I've never found corrective 
measures necessary. 

power circuits 
Your workbench should receive elec-

tric power from at least two circuits (see 
fig. 1). A large fuse near the main breaker 
box is good insurance against unforseen 
problems. The input line should be run 
into a box equipped with two more fuses; 
one for lights and one for power circuits. 
With this arrangement, the lights won't go 
out if your work blows a fuse. Note that 
the emergency switch turns off bench 
power but not the lights. 

grounding 
Grounding is important. A good 

ground system consists of a heavy copper 
wire (about no. 8) from the workbench 
to a copper-clad rod driven into the earth. 
Maximum length of the connecting wire 
should be not more than about 15 feet. 

Avoid transformerless ac-coupled pow-
er circuits. They're dangerous and not to 
be trusted, because a simple accident 

merits. I've seen usable gear priced as low 
as $15. 

To approximate operating conditions, 
a simple dipole can be erected. Make each 
leg about 0.1 wavelength and connect a 
47-ohm resistor across the feed point. 
The antenna can be strung out of the way 
in a corner of the shop. Run the coax 
cable to a connector on the bench. 

summary 
A good bench setup is shown in fig. 2. 

A few instruments can occupy the bench 
working surface, and parts are easily 
accessible on the shelves below. Test 
signals are available from a small antenna, 
and a separate connector can be used to 
patch a cable to your operating position 
to pick up your main antenna through an 
swr meter or tuner. The toolbox, sitting 
on a small cart, is convenient. Good-
quality casters should be used on all the 
furniture shown in the sketch. 

reference 
1. Jim Ashe, W1EZT, "A Cheap & Clean 
Scope Cart," CQ, April, 1970, pp. 34-36. 
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introduction to 

thyristors 

How to use 
thyristors, 
four-layer diodes, 
silicon-controlled 
rectifiers, 
and triacs in 
electronic equipment 
Of the three great basic classes of semi-
conductors — diodes, transistors and 
thyristors — there is no question that 
thyristors are least known to hams. There 
is good reason for that besides the fact 
that thyristors have become popular only 
fairly recently: thyristors have limited 
application in most ham equipment. 
Nevertheless, they do have many inter-
esting uses in amateur gear and in the 
many other facets of electronics most 
hams enjoy. For this reason, all hams 
should know something about them. This 
article is an attempt to present some basic 
facts about these important devices and 
how they are used. 

Thyristor is a hard word to define to 
someone who doesn't know what a 
thyristor is. Rather than belabor the 
point, I will ignore this problem and 
simply say that there are many types of 

J3 +•» v in 3 -C u re 
u> CO re 

O u c o O 
a> 

a) v ih-
c/j 
15 
c a) O 

HI 
ce 
r» < 
3 
c o M c ca 

3 
<z 

CL 

thyristors, but the most popular are 
silicon controlled rectifiers (scr's), triacs 
and four-layer diodes. Other less im-
portant members of the family are five-
layer diodes, gated bilateral switches, 
gate-controlled switches, light-activated 
scr's (laser's), gate turn-off switches, and 
turn-on, turn-off controlled reactifiers. 

fig. t. Four-layer diode 
construction and sche-
matic representation. T 

-CATWDE 

* ANODE 

four-layer diodes 
The simplest type of thyristor is the 

four-layer diode. Its name comes from its 
construction. A regular diode is made of 
two layers of semiconductor material 
which form the anode and cathode. A 
transistor contains three: an emitter 
(cathode), base and collector (anode). A 
four-layer diode has four layers of alter-
nating p-and n-type silicon,' only the 
outer two layers are connected to ter-
minals. 

The symbol for a four-layer diode is 
derived from the numeral four, as can be 
seen in fig. 1. 

The four-layer diode is indeed an odd 
device. It is a voltage-controlled switch, 
and has two "states," very high resistance 
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(off) and very low resistance (on). On the 
reverse direction, that is, when the 
cathode is more positive than the anode, 
it acts like any regular silicon diode; it 
conducts very little current, and as the 
voltage is raised, the current increases 
slowly until a certain voltage (the reverse 
breakdown voltage) is reached. Then the 
current increases rapidly. This high 
current with high voltage drop leads to 
high power dissipation, which will des-
troy the diode if the current is not 
limited to a low value. A four-layer diode 
is not used in this way; regular diodes are 
much cheaper! 

In the forward direction (positive to 
anode), however, the four-layer diode 
acts quite unlike a regular diode. As you 

f i g . 2 . F o r w a r d - a n d r e v e r s e - b i a s e d 

f o u r - l a y e r d i o d e . 

While there are many commercial uses 
for four-layer diodes, ham applications 
are limited. However, in at least some 
cases, four-layer diodes can simplify 
circuitry considerably. One example is 
the sawtooth or relaxation oscillator; here 
the four-layer diode acts like a low-
voltage, dc neon lamp. Fig. 4 shows the 
circuit. Since the four-layer diode does 
not conduct until the breakover voltage is 
reached, it is out of the circuit for all 
practical purposes while the capacitor is 
charging up — until it reaches the break-
over, when it suddenly conducts, dis-
charging the capacitor. The cycle then 
repeats, and the result is a sawtooth 
output voltage. The resistor and capacitor 
are chosen to provide the proper repeti-
tion frequency. The resistor must be 
fairly large and the source voltage con-
siderably higher than the breakover 
voltage for best wave shape. The saw-
tooth oscillator can be used to generate 
pulses for triggering scr's or as a code or 
test oscillator. 

may recall, the forward voltage drop 
across a regular silicon diode remains 
approximately 0.7 V over a very wide 
range of currents through the diode. A 
four-layer diode, on the other hand, 
conducts virtually no current until the 
voltage across it rises to the breakover 
voltage, when it will suddenly switch to 
the on state and conduct heavily with a 
very low voltage drop, much like a 
conventional silicon diode. Thus, raising 
the voltage switches the four-layer diode 
from off, (no current flow, or high 
resistance) to on (high current flow, or 
low resistance). Because of the small 
voltage drop in the on state, very little 
power is dissipated in the device; a typical 
drop is 1.2 V at 70 mA, or 84 mW. 

If current through the four-layer diode 
is reduced below the holding current of 
the diode, as by breaking the circuit, the 
four-layer diode switches off again. 
Notice that the four-layer diode is a dc 
device. This operation of the four-layer 
diode is shown graphically in fig. 3. 
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J IN "ON" STATE 

' , 
/ 1 

BREAKDOWN 
VOLTAGE 

BREAKOVER J 
VOLTAGE 
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f i g . 3 . V o l t - a m p e r e c h a r a c t e r i s t i c s 

o f t h e f o u r - l a y e r d i o d e . 

Another use of the four-layer diode is 
as an overvoltage relay, as shown in fig. 6. 
If the source voltage rises to an excessive 
value, the four-layer diode will trigger, 
energizing the relay and disconnecting 
sensitive equipment. The resistor can be 
used to limit current if the relay coil has 
insufficient resistance. It will have negligi-
ble effect on the switching voltage. 
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sources of supply 
Four-layer diodes are made by a 

number of companies including Motorola, 
ITT and Crystalonics. They are fairly 
expensive to individuals because they are 
not used very widely and are tricky to 
make. An example of a commercial four-
layer diode is the Motorola 1N5158, 
which has a nominal break-over voltage of 
8 V, a holding current of 1 to 20 mA, and 
a continuous forward current of 180 mA. 
It costs about $3.75. 

For experimenting, a low-voltage scr 
can be used as a four-layer diode by 
ignoring its gate. This is especially nice 
because low-voltage scr's are undesirable 
for most amateur uses and can be bought 
at very low prices. This type of two-
terminal operation of scr's is not recom-
mended by manufacturers, though. It can 
cause a change in characteristics or even 
damage the device. This will probably not 
bother most experimenters as long as 
they stick to low-voltage and low-current 
operation. 

finding the breakdown voltage 
Of course, you'll have to determine 

the breakover voltage when you use an 
scr as a four-layer diode. Fig. 7 shows 
how to find this breakover voltage. 
Simply increase the variable voltage 
supply (with an eye on the voltmeter) 

Package commonly used for four-layer diodes is 
the same as that used for conventional diodes. 

current-limiting resistor should be chosen 
to keep the current through the four-
layer diode and meter to a safe level. For 
a level of 50 mA, a reasonable value for 
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fig. 4. Sawtooth generator circuit. 

most four-layer diodes, the resistance 
should be the maximum voltage divided 
by 0.05. For 50 volts, it should be 1000 
ohms. 

This same test circuit can be used for 
testing four-layer diodes, too. Reject 

CtftRENT LIMITING 
RESISTOR 

(IF NEEDED) 
fO VW 

fig. 5. Overvoltage cut-
out relay. 

RELAY 

four-layer diodes can be bought from 
some surplus dealers, and it's always a 
good idea to check them before use. 

Another way to turn on a four-layer 
diode is shown in fig. 6. Here a positive 
pulse turns the four-layer diode on and 
energizes the load. This arrangement is 

fig. 6. Alternate way to 
t u r n o n a f o u r - l a y e r 
diode. 

until the current through the diode 
suddenly increases and the voltmeter 
reading drops. The voltage at which this 
happens is the breakover voltage. The 

better in many switching applications 
than using the four-layer diode as a true 
voltage-controlled switch. The switching 
point is precisely controlled. 
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silicon-controlled rectifiers 

The silicon-controlled rectifier, or scr, 
is the most popular thyristor. Unlike the 
four-layer diode, the scr has hundreds of 

1000 

VARIABLE WLTAGE 
UP TO SOV 

fig. 7. Determining the breakover 
voltage of a four-layer diode. 

practical uses in consumer, industrial, 
military—and amateur—equipment and 
is widely used. Modern plastic-encap-
sulated scr's are inexpensive enough to be 
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fig. 8. Construction and schematic 
symbol for the silicon-controlled 
rectifier. 

used in low-cost appliances, and this, in 
combination with their usefulness, is 
revolutionizing the whole idea of control 
circuits. 

The scr is very similar to the four-layer 
diode in construction. It is a sandwich of 
four layers of silicon containing different 
amounts and types of impurities. The 
symbol and construction are shown in fig. 
8. The scr can be thought of as a 
four-layer diode with a connection to the 
layer next to the cathode. This con-
nection is called the gate, and is what 
makes the scr so useful. 

An scr acts just like a four-layer diode 
except that it can be turned on when in 
the blocking state by applying a short 
pulse of positive current to the gate. The 
scr will then suddenly switch from the 
blocking state to the conducting state and 

have a low voltage drop much like a 
conventional silicon rectifier. The charac-
teristic curve of an scr is shown in fig. 9. 
Notice that is identical to the curve of the 
four-layer diode (fig. 3) except that 
triggering the gate "overcomes" the for-
ward blocking voltage. 

This is oversimplifying slightly, since 
small values of triggering current actually 
reduce the forward blocking voltage 
rather than turning the scr on. However, 
it's best always to use more than the 
minimum gate current necessary to 
switch the scr on and avoid this problem. 

The gate trigger current is very small in 
relation to the amount of current the scr 
can control. For example, with the 
8-ampere 2N4178, a triggering current of 
20 mA at 1.5 V will turn the device on. 
The scr acts like a very sensitive relay 
with a very high amplification of 400 
(8000/20). 

In addition to its sensitivity, an scr 
switches very fast. A conventional in-
expensive scr can easily switch on in 
about 1 microsecond, and off in 20 /is. 
This means that it can easily switch on 
and off during one cycle of an alternating 

* i 

, FORWARD VOLTAGE DROP 
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BREAKDOWN 
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fig. 9. Volt-ampere characteristics of 
the silicon-controlled rectifier. 

current even at 10 kHz (which has a 
period of 100 jus). This is a very impor-
tant characteristic of the scrs, and makes 
it extremely useful for power control. 
As a comparison, conventional me-
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Metal-stud package used for the 8-ampere 200V 
2N4170 scr and M A C 2 - 4 triac. 

other advantages over relays, however: no 
contact bounce, no burned contacts, no 
contact arcing, extremely long life, no 
movement or acoustic noise and smaller 
size. 

Some typical relay-type scr applica-
tions are shown in figs. 10 to 13. Fig. 10 
is a simple latching switch; it operates on 
dc. Simply applying a positive voltage to 
the input turns the scr, and hence the 
load, on. The positive voltage can be 
taken from the positive supply through a 
resistor. To turn the load off, power 
through the scr must be interrupted 
momentarily. If a conventional relay is 
used as a load, this makes an excellent 
latching relay. In any case, a small input 

: LOAD 

fig. 10. Simple latch-
ing switch. 

f o 

INPUT 

rrt 

chanical relays switch in around 
25,000 /is, and very fast reed relays in 
1000 us. Not too surprisingly, scr's are 
replacing relays in many applications 
where this speed is important. 

Though scr's are often used to replace 
relays, they have a few characteristics 
that make them quite different. For one, 
you can turn an scr off only by reducing 
the current through it below the holding 
level. A pulse at the gate turns it on, but 
you have to break the current (or at least 
reduce it to a very low level) to turn it 
off. This is no problem when the scr is 
used on alternating current since the 
current falls to zero (and below, to 
negative values) during each cycle, but 
some means must be provided to turn off 
an scr used on dc or it will stay on. 

Another important difference is that 
there is no isolation between the control 
circuit and the controlled circuit in an 
scr, as there is in mechanical relays. This 
may or may not be a problem. 

Silicon-controlled rectifiers have many 

signal can control a large load current. 
Figs. 11 and 12 are simple lamp drivers 

(as for use with ic's). In each case, a 
positive pulse turns on the lamp. In fig. 
11, since the circuit operates from dc, it 
has a "memory" and will remain on until 
power is interrupted. In fig. 12, the lamp 
does not remain on after the input is 

* 6V0C 

E ) 

+ o 
INPUT 

fig. 11. L a m p 
with memory-

driver 
/77 

removed since the scr is operated on ac. 
Incidentally, note that in this circuit (but 
not fig. 11) the lamp receives power only 
half the time (when the anode is posi-
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tive) so will not light to full brilliance. 
Because of this, a 4.5-V lamp is suitable 
for use on 6 V. These last three circuits 
can be used on high line voltages as well 
as on low voltage if the proper com-
ponents are used. 

A full-wave ac switch is shown in fig. 
13. It applies full supply voltage instead 
of half to the load. This makes it more 
practical for most ac applications than 
the simpler half-wave switches. 

These relay-type scr circuits represent 
a fraction of many others possible. Any 
ham can likely think of other examples. 
However, another type of application far 
overshadows the relay uses: it is in phase 
control of ac power that scr's really shine. 

fig. 12. Lamp driver 
without memory. m 

No other device has proven so versatile in 
this use. The motor speed controls used in 
electric drills, blenders and lamp dimmers 
are common examples known to every-
one, but scr's are also vital to modern 

fig. 14. Peak and effective values 
of alternating current. 

drawing of a standard sine-wave ac vol-
tage. The peak value is 100 volts and the 
effective or root-mean-square (rms) value 
is 70.7 volts. An alternating voltage with 
a 70.7 V rms value has the same heating 
value as a 70.7 Vdc. The 117 V line is 
117 V rms. 

Now suppose this 70.7 V ac voltage 
were connected to a 100-ohm resistor. By 
Ohm's Law (I = E/R) , 70.7 /100 or 0.707 
amperes would flow. As a consequence, 
the power dissipated would be (by P = 
El). 70.7 x 0.707 or 50 watts. If we 
wished to dissipate less power, we could 
reduce the voltage to a lower value, say to 
half (50 V peak, 35.35 V rms); the power 
would be 12% W (not 25 W, figure it 
out). However, reducing the voltage is not 
always that convenient. Adjustable auto-
transformers such as General Radio 
Variacs are fairly large, heavy and ex-
pensive. 

Suppose we took a different approach. 
Instead of trying to reduce the peak and 

LOAD ^ j - T 

6 
117 VMC 
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fig. 13. Scr static ac switch. 

industrial power controls. 
Ac phase control is quite easy to 

follow if you understand peak and rms 
values of alternating power. Fig. 14 is a 

rms voltages with a Variac, let's leave the 
peak value alone and reduce the rms, 
since it's the important one in this appli-
cation. One way to do this is to keep the 
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fig. IS. Rms value of rectified alternating 
current. 

voltage from the load part of the time. A 
diode in series with the load would do 
this by blocking either the positive or 
negative half cycles (see fig. 15). Then the 

fig. 16. R m s value of alternating current with 

scr triggered halfway through the positive cycle. 

effective value would drop to 70.7 per-
cent of the value without the diode, or to 
50 V, reducing the power to 25 W. Why 
70.7 percent instead of 50 percent? 

ZN4I70 

fig. 17. S imple half-wave motor speed control 
(not for induct ion motors). 

Remember that you reduce the sum 
(root-mean-sum) to one half, then take a 
square root. 

A diode works well, but gives limited 
control — full on, 50 percent of power, or 

off. What is needed is a device that offers 
better control. 

The scr does just this. It can be turned 
on so fast that a load can be turned on 
for only a small part of a cycle; fig. 16 
gives an example. Here the scr is not 
triggered on until half way through the 
positive cycle. Then voltage is applied 
from then until the voltage drops to zero. 
The scr acts like a conventional rectifier 
for the rest of the cycle, blocking the 
voltage. In this case the rms voltage would 
drop to half, or 35.35 V, giving 121/a W 
dissipation. 

The triggering of the scr can be ad-
justed to permit effective power between 
zero and 70.7 percent. Switching in a 
diode connected in parallel to the scr, but 
with reversed polarity, will cover 70.7 
percent to full power. Other methods, 
which will be described shortly, can be 
used to obtain full variable control with-
out switching. 

practical applications 
A practical scr speed control must 

include some method for triggering the 
gate on. Probably the simplest practical 
speed control for universal motors (ac-dc 
motors) is the circuit shown in fig. 17. It 
controls the average motor voltage by 
setting the firing point of the scr. The 
time required for the capacitor to charge 
to the gate turn-on voltage is set by the 
potentiometer. Once the scr is on, the 
capacitor voltage drops to less than the 
forward voltage drop of the scr for the 
rest of the half cycle. During the reverse 
half cycle, the diode blocks any current 
which would try to pass through the gate. 
The capacitor is then ready to begin 
charging when the next half cycle starts. 

fig. 18. Half-wave Dhase-control 
circuit using a neon-lamp trig-
ger. 
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A better control is shown in fig. 18. In 
this control, the neon bulb acts as a 
relaxation oscillator and generates pulses 
that trigger the scr. Adjusting the potenti-
ometer changes the point in the cycle at 
which the bulb fires, varying the rms 
voltage applied to the load. Since this is a 
half-wave control, it can be used only to 
70 percent of brightness or speed. Adding 
the diode and switch fills in from 70 
percent to about 95 percent. This circuit 
is not suitable for control of the ac 
primary of a transformer because of its 
imbalance. 

Neon bulbs are cheap triggers, but are 
unreliable and do not permit full range of 
control. They are also sensitive to radia-
tion: heat, light and radioactivity. This 
can cause fast changes in speed with 
changing conditions. The bulbs used in 
commercial circuits contain a tiny 
amount of radioactive material that 
"biases" the bulb and prevents change 
under normal conditions. If you use a 
conventional bulb, such as anNE-2, at 
least paint it black or shield it. 

An improvement in the circuit in fig. 
17 results from replacing the neon bulb 
with a "solid-state neon bulb," a bilateral 
trigger diode (BLT). A bilateral trigger 
diode has characteristics similar to a neon 
bulb, but breaks over at about 20 to 30 
volts instead of 60 to 70 V. This results in 
better control. Incidentally, a bilateral 
trigger is a three-layer diode, and is not a 
thyristor. It is a symmetrical transistor 
with no connection to the base. A 
Motorola MPT20 BLT costs about 65 
cents in a single quantity. 

A unijunction transistor (fig. 19), 
four-layer diode, two transistors, or even 

LOAO 

O 
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I •47H 
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fig. 19. Half-wave speed control using a uni-
junction-transistor trigger. 

an ic relaxation oscillator can also be used 
for triggering an scr. 

Throwing the full-power switch is a 
nuisance, so full-wave control is prefer-

fig. 20. Full-wave speed control or "variable 
transformer" using two si l icon-controlled recti-
fiers. 

able in most uses. One way to obtain this 
is with two scr's connected back-to-back, 
as shown in fig. 20. Triggering is slightly 
more complex than might be wished for, 
though, as the scr's must be triggered out 

fig. 21. Full-wave control 
using one scr and bridge recti-
fier. 
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of phase. One scr is triggered directly 
(through the primary of a pulse trans-
former) , and the other is triggered by the 
out-of-phase secondary winding. A simple 
transformer can be used for this if it can 
pass a short pulse, i. e., few turns, low 
capacitance, high-frequency core. Special 
triggering transformers are made by 
Sprague and others. 

Another approach to full-wave control 
uses one scr and a simple triggering 
circuit, but requires a full-wave rectifier 
bridge (fig. 21). The bridge supplies 
single-polarity ac to the scr so that it is 
effective on both cycles. Both figs. 20 
and 21 can be used for transformer 
primary control, i. e., as an adjustable 
transformer. 

A number of other scr projects that 
have been described in ham magazines are 
listed in the bibliography. 

what scr to use 
Many inexpensive scr's are available to 

the experimenter. The 2N5060 is a 
plastic-encapsulated 800-mA, 30-V scr 
that costs about 69 cents. The 2N4170 is 
a stud-mount, 8-A, 200-V scr for general 
line use. It costs about $2.10. A plastic 
version of the 2N4170 is the 2N4442, 
which costs about $1.50. 

Scr's are also available from surplus 
dealers. Unfortunately, it requires fairly 

the triac 
The triac is a three-terminal (tri-) 

bidirectional thyristor for use on alter-
nating current. Fig. 22 shows the symbol 
for a triac and its internal construction. 
The two power terminals of a triac are 
called anode one ( A l ) and anode two 
(A2) rather than anode and cathode since 
it is not a unidirectional device. The 
internal operation of a triac is rather hard 
to understand, but it can be thought of as 
two back-to-back scr's with a single, more 
versatile gate. One of the strongest points 
of the triac is that it can be triggered on 
in any of four modes: A2+, G-; A2+, G+; 
A2-, G-; or A2-, G+. The construction of 
the triac hints at how this is possible. In 

+ T 

I FORWARD VOLTAGE DROP 
1 IN "ON" STATE 

1 BLOCKING 
1 VOLTAGE 

BLOCKING 

/ 

VOLTAGE 

FORWARD VOLTAGE DROP 
IN "ON" STATE 

-1 

fig. 23. Volt-ampere characteristics of the triac. 
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fig. 22. Schematic and construction of the triac. 

sophisticated equipment to check them 
properly, and nothing is more dis-
heartening than having a project not work 
because of bad or marginal semicon-
ductors. 

each mode, different junctions "dis-
appear" when they are biased properly to 
form a simpler device. 

The triac, unlike the scr or four-layer 
diode, has no reverse breakdown voltage; 
instead it has high blocking voltages in 
each direction (see fig. 23). If either is 
exceeded, the device will switch into the 
on state much like an scr. (Incidentally, 
this makes the triac protect itself from 
most voltage transients.) In practical use, 
of course, the device is triggered on by 
tbe gate in a manner very similar to an 
scr. 

Unlike scr's, triacs cannot be used at 
frequencies much above 60 Hz at present. 
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fig. 24. Static ac switch using a triac. 

Scr's are available wi th higher voltage and 
current capability than triacs, and scr's 
cost-less. On the other hand, triacs can 
simplify circuits considerably and are 
widely used because of this. A typical 
triac is the 200-volt, 8-ampere Motorola 
MAC2-4; it costs $3.45. 

uses of triacs 
Triacs have many uses similar to those 

of scr's. One is as a switch or relay for ac 
use, as shown in fig. 25. The resistor-

range. This emi can be conquered, 
though. Careful shielding and fi ltering can 
cure most problems. A completely dif-
ferent approach is called zero-point 
switching. A zero-point switch turns on a 
circuit only when the voltage is crossing 
zero; since no current is broken, there is 
no emi. To get variable control, a zero-
point switching control wil l apply a few 
complete cycles of power to the load, 
then turn o f f the power for a few cycles. 
This results in the desired rms voltage 
level. Zero-point switching cannot be 
used wi th lights; i t causes flickering. 

conclusion 
Thyristors are here to stay in elec-

tronics. Though the ham wil l probably 
never see too many in his communica-
tions equipment, he wi l l run into many in 
auxilliary gear and household appliances, 
making an understanding of their working 
worthwhile. 

f ig . 2 5 . Full-wave 
phase-controlled triac 
speed control, lamp 
driver, ect. 

capacitor network is necessary for in-
ductive loads to hold down the rate-of-
voltage rise, since an excessive value can 
trigger a thyristor on. 

Fig. 25 shows a simple triac lamp 
dimmer, or speed control for universal 
motors. Notice the similarity to the half-
wave scr control in fig. 18, but also 
remember that this is a full-wave control. 

radio-frequency interference 
Radio-frequency interference (rf i), or 

electromagnetic interference (emi), is 
often a problem when thyristors are used 
in phase-controlled circuits. A thyristor 
can turn on so fast that i t creates large 
amounts of harmonics (hash) up to vhf 
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modular 

two-meter 

converter 

Like to experiment 

with new 

vhf front-end designs? 

This packaging concept 
3 

solves many I 
13 

modification problems | 

New low-noise solid-state devices for 
two-meter receiver front ends are being 
announced at such a rate that it's frustrat-
ing trying to decide which direction to 
go. With my limited budget of time, 
money and ambition it became apparent 
that I couldn't build a complete converter 
for every new product announcement. I 
finally decided to go in the direction 
described in this article: the modular 
approach. This allows maximum circuit 
modification with minimum effort. 

The converter described here consists 
of a bipolar oscillator, jfet mixer, and jfet 
rf stage (fig. 1). The converter is built on 
a flexible box-chassis. After the basic 
circuit is completed, all sorts of low-noise 
front-end designs can be constructed on 
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L I , l_3 

L2 

L4 

m 

8 turns of no. 22 enameled wire 
tapped 3 turns from cold end. Core 
Micrometals T30-0 

8 turns of no. 22 enameled wire. 
Core Micrometals T30-0 

Primary 21 turns no. 28 enameled 
wire. Secondary 3 turns no. 28 enam-
eled wire over cold end of the pri-
mary. Core Micrometals T37-10 

L 5 3 turns no. 18 wire 3/8" dia. x 3/8" 
long 

F Gulton MF-223 miniature low-pass 
filter 

All three 1000-pF capacitors are ceramic (Erie 
type 8133 or Vitramon equivalent) 

Micrometals cores are available from Amidon 
Associates, 12033 Otsego Street, North Holly-
wood, California 91607 

fig. 1. Schematic of the modular two-meter converter. Inexpensive jfet's are used in rf amplifier and 
mixer; oscillator circuit will deliver I S mW with a 12-V supply. BM indicates a button m i ca ; SM 
indicates silver mica. 

Completed converter partially inserted 
into enclosure. A luminum shields slide 
into slots on the side of the box, 
providing good interstage isolation. 

individual boards, placed into the proper 
enclosure, and connected by cable. The 
final circuit can be updated easily as new 
designs come along. 

packaging 
The circuit isn't new, but the construc-

tion technique is somewhat different 
from that used in the usual two-meter 
converter. The photos show the modular 
packaging scheme. The box is a Pomona 
Electronics model 3306 with a 3328 
bottom plate. The aluminum divider for 
the internal shielding is model 3327. The 
glass-epoxy circuit boards were etched, as 
explained later. I think it's evident that 
any one of these units can be removed 
and replaced with a new design with little 
effort. Remaining circuits need not be 
rebuilt. Also, removed boards are still 
available for future use and comparison 
purposes. 
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the circuit 
The local-oscillator circuit was sup-

plied by WA6NCT as his favorite. It uses 
a Motorola MPS3563, which is one of the 
inexpensive epoxy-package transistors. In 

Q 

fig. 2. Full-size drawings of circuit 
boards. Oscillator, rf amp, and mixer 
are shown in A, B, and C respec-
tively. 

quantities from 1 to 99 it sells for 
fifty-five cents. The oscillator operates 
directly at 116 MHz and starts every 
time voltage is applied. Tests were run on 
the oscillator independently of the re-

maining converter circuits. With a 12-V 
power supply, the oscillator delivered 15 
mW into a 50-ohm load. The second 
harmonic was down 27 dB, and the third 
harmonic was down 44 dB below the 

Top view of circuit boards. Top 
to bottom are the oscillator, rf 
amplifier, and mixer. 

fundamental signal. All other harmonics 
were better than 60 dB down. 

The mixer is a standard 2N4416-jfet 
type popular with many vhf amateurs. 
The gate circuit consists of a coil wound 
on a small toroid and tuned by a ceramic 
trimmer. The toroid coil has a Q of 135. 
The toroid was chosen to allow tight 
packaging of the converter. The rf fields 
are fairly well confined to the toroid, 
which helps reduce any tendency toward 
instability. The output, or i-f, coil is also 
a toroid. The L/C ratio of the i-f tuned 
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circuit was chosen to give a 3-dB band-
width of 2 MHz, and the circuit was 
peaked for optimum response in the 
middle of the lower 2 MHz of the 
144-MHz band. The converter covers the 

L/, . if ' 

h 1 ' - ' V c -

coupling capacitor and the placement of 
the tap on L3 until the drain current rose 
to about 40 per cent of the zero-bias 
drain current, or 4.4 mA. The resulting 
bias voltage is about 0.7 of the pinch-off 
voltage, which allows a good compromise 
between high-conversion transconduc-
tance and low cross-modulation with high 
local-oscillator injection. 

The rf amplifier is a 2N4416 in a 
common-gate circuit. The input and out-
put coils are toroids very similar to the 
mixer input coil. The bias for this stage is 
provided by resistor R1. A blocking 
capacitor from the coax center conductor 
to the tap on the input coil prevents 
shorting the bias supply of the 2N4416 rf 
stage. 

construction 
Glass-epoxy single-sided circuit board 

is used for all three boards. Large areas of 
copper reduce the lead inductance. Nar-
row traces are not good practice in the 
vhf uhf region. The boards are coated 
with Kodak KPR photosensitive resist. A 
mechanical negative is made by p lac ing 

Rubylith over the circuit board pattern 
and removing the red filter with an 
Exacto knife from areas where copper is 
to remain.* An ultraviolet light is used to 

* Presensitized board is available from Allied 
Electronics, 100 North Western Avenue, Chi-
cago, Illinois 60680. Rubylith is available from 
most graphic arts stores. 

Bottom view of circuit boards. 
Oscillator, rf amplifier, and mixer 
are shown top to bottom. 

entire band and has a slight decrease in 
gain above 147 MHz. The 2N4416 mixer 
source resistor was chosen to establish the 
proper bias point. 

To determine the correct value of the 
source resistor, I measured the zero-bias 
drain current of the 2N4416 actually 
being used—in my case, it was 11.2 mA. 
Various values of resistance were tried 
until the drain current dropped to about 
25 per cent of the zero-bias drain current, 
or 2.8 mA. The local-oscillator injection 
was then adjusted by the choice of a 3-pf 
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"What 's this Q R N signal you send 
everytime I come into the room?" 
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expose the board. Kodak developer can 
be used, or plain tri-chlorethylene if 
available. Amateurs with photographic 
equipment can make a negative from the 
scale patterns. 

Another technique that works well but 
doesn't yield as good a job is to use 
ordinary Scotch electrical tape for the 

tuning adjustments to be made. 
No sockets were used for the transis-

tors. Also, no shielding was required 
between input and output of the 
2N4416s. The common-gate rf stage pro-
vides complete stability. 

The converter has sufficient gain to 
operate directly into a Collins 75A4 

Interior construct ion of the m o d u l a r t w o - m e t e r converter. 

resist. Mask off (with the tape) all copper 
not to be etched. A warm ferric chloride 
bath can be used for the etchant. The 
boards to be etched are placed face down 
in the solution and agitated to speed up 
the process. After the boards are etched, 
they can be sheared or cut to size. 

Boards are mounted vertically on the 
box lid. Aluminum shields are placed 
between each active board. The short 
length of coax with rather expensive end 
fittings is not really necessary for good 
performance. The fittings were available, 
however, and allow for quick disconnect. 
A short piece of coax with each end 
soldered into place would be adequate. 
Small holes through the box walls allow 

receiver, as modified according to a pre-
vious article in ham radio by W6Z0.1 

references 
1. Raymond F. Rinaudo, W6ZO, "Improving 
Overload Response in the Collins 75A4 Receiv-
er," ham radio, April, 1970, p. 42. 
2. Siang-Ping Kwok, "Field Effect Transistor 
RF Mixer Design Techniques," Motorola Semi-
conductor Products, Inc., Technical Informa-
tion Center, P. O. Box 20912, Phoenix, Arizona 
85036. 
3. "RF FET Data Packet," Siliconix, Inc. 
4. "Field-Effect Transistors in UHF Tuners," 
Texas Instruments, Inc. 
5. "Small-Signal Performance of a U H F Junc-
tion-Gate FET," Texas Instruments, Inc. 
6. S. Weaver, "UHF Mixer Using 2N3823 
FET," Texas Instruments, Inc. 

ham radio 

68 [JS october 1970 



improving the 

voice commander 
fm 

Here are some 
simple modifications 

to cure receiver 
instability 

and change 
bandwith response 

of this equipment 
in various models 

CM 
Is-
CO 
</> 
re «n C <0 

re 
!E p 

03 
E 
re 
(J 
-H c 
3 
O 

3 
O 
CO 
IT) 
to 
M 
D 
y 
O © 
§ 
cu V) « 
£ 
(J> 
C 
o Q 

Many requests have come to my attention 
for help with the General Electric Voice 
Commander. Many hams aren't happy 
with these sets because of receiver insta-
bility. This article offers a means for 
resolving the receiver instability problem 
and provides information for converting 
narrowband receivers to wideband opera-
tion. A couple of minor but useful 
transmitter modifications are also des-
cribed. 

The Voice Commander was manufac-
tured in three models; Voice Commander 
I, II, and III. Model I used subminiature 
tubes in the transmitter, but the receiver 
is essentially the same as in the other 
models. Components and physical layout 
for the receivers were changed only slight-
ly throughout the entire model series. 
Models II and III have nearly identical 
receivers. 

An rf amplifier was added to the 
receiver of the Model III. This circuit is 
on a separate chassis hidden under the 
transmitter board. Also included is a ptt 
relay for an external microphone. In this 
article, all references are to the Model I I I; 
however, "they apply to Model II except 
for the part about the receiver rf ampli-
fier. 

The Voice Commanders were manu-
factured in two production splits. Split 1 
covered 132-150 MHz; split 2 covered 
150-174 MHz. Most high-split units will 
tune to -146-147 MHz with no trouble. 
Information is included here on appro-
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priate padding to accomplish this tuning 
range. 

receiver rf amplifier 
The receiver rf amplifier is model 

4EA19A10 (low split), or 4EA19A11 
(high split). The original unit used G.E. 
part no. 19C300037-2 transistor. It was 
replaced in revision A with part no. 
19A115413-1 (2N2996). The higher gain 
of this transistor produced oscillation in 
some receivers. This led to revision B, in 
which the collector was moved to a tap 
on the output 'coi l , and a 10k %-watt 
resistor was added across the coil. 

If your receiver is revision A, the 10k 
resistor is sufficient to tame it. To pad 
from high to low split, which is normally 
not necessary, add a 3-pF capacitor across 
input and output coils. 

curing receiver instability 
The basic complaint of receiver insta-

bility can be corrected by following the 
steps outlined below, in which dc voltage 
distribution is rearranged to eliminate a 
tendency toward regeneration and oscilla-
tion. These changes were incorporated by 
G.E. into later versions of the Voice 
Commander. A manual for the Voice 
Commander III is available from G.E.* 

modifications 
The first step is to identify the chassis. 

Inside the square can are three small 
chassis with a lid on each. Remove the 
lids. The chassis are identified as follows, 
although the numbers are sometimes hard 
to see. 

1. 4EL13A10 (low i-f gain and dis-
criminator board). 

2. 4 E F 2 9 A 1 0 (narrowband) or 
4EF29B10 (wideband) high i-f gain 
second-oscillator/mixer and low i-f fil-
ter board. 

3. 4 E F 1 4 A 1 0 ( low spl i t ) or 
4EF14A11 (high split) front-end 
board. 

Begin with the low i-f gain and dis-
criminator board. At each end of the 

board is a black lead running to the high 
i-f gain and low i-f filter board. Unsolder 
the black lead at hole 14 (near the 
discriminator transformer) and let it hang 
loose for now. Move the other black lead 
from hole 13 to the top of R3 (2.2k 14W) 
next to hole 13. You're now temporarily 
finished with the discriminator board. 

Remove the high i-f gain and low i-f 
filter board (center chassis) and turn it 
over to the solder side. You'll see a wire 
in sleeving connected from a point in the 
center of the board (hole 4) to one end. 
The end connection is at hole 9; remem-
ber its location and unsolder the end of 
the wire from this hole. Move the end of 
the wire to the opposite end of the board. 
The black wire hanging there is in hole 
14. (You disconnected the other end 
from the discriminator board.) Remove 
this black wire and discard. Connect the 
wire previously removed from hole 9 to 
hole 14. Install a 2k !4-watt resistor 
between hole 4 and hole 9. Use sleeving 
and dress the leads carefully. 

Now turn the board over and locate 
R2, a 6200-ohm 14-watt resistor next to 
hole 13. Install a 0.047 juF capacitor from 
the top of R2 to hole 13. Unless you have 
very small components, I recommend 
that you order the capacitor from a G.E. 
service center. The part number is 
5492638-P6. 

Unsolder the black wire from hole 13 
and let it hang. This wire connects to the 
4EF14 front-end board. 

receiver wideband conversion 
If your Voice Commander is a narrow-

band unit and you wish to convert it for 
wideband use, you'll need a 47k %-watt 
resistor, a miniature 1k pF capacitor 
(G.E. part no. 5491500-P7), a miniature 
1 2 0 0 pF capac i t o r (par t no. 
5491500-P8), and a miniature 12 pF 
capacitor (part no. 5495334-P42). 

Looking at the top of the high i-f gain 
and low i-f filter board, locate Q2, which 
is near the center of the long side and 

"General Electric Co., Box 4197, A & SP, 
Lynchburg, Virginia 24503. Enclose check or 
money order for $1.00. 
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next to one of the four slug-tuned coils. 
(Q2 is a T0-18-size transistor.) Locate the 
two small holes for the 47k resistor 
between Q2 and the slug-tuned coil. The 
47k V* -watt resistor will f i t into this 
space, although it's a tight squeeze. In the 
area bounded by the four coils are seven 
capacitors. Four of these are 110 pF. 
Leave these alone. Replace the 3300-pF, 
2.7-pF, and 4700-pF capacitors wi th 
1000-pF, 12-pF, and 1200-pF capacitors 
respectively. 

front-end board 
If your unit is o.ne of the high-split sets 

and you wish to convert it to low-split 
opera t ion , remove front-end board 
4EF14A11. Locate three air-wound coils, 
and pad each coil with a 4-pF capacitor. 
Turn the board over, and you'll see a 
short, black wire hanging from J2. Re-
move and discard this wire. Install a 
51/2-inch-long length of black no. 24 wire 
in J2. 

The first-oscillator crystal is inter-
changeable between Voice Commanders 
I, II, I I I , the Progress Line portable, the 
transistorized portable (TPL), and Voice 

"Before you send in that article 
on converting this rig to solid stage 
don't you think we should try i t?" 

Director receivers-in case you want to 
borrow one to check it out. 

reassembly and alignment 
At this time, replace the three chassis 

into the square can. Use care, especially 
with the center board with the added 2k 
resistor on the bottom. Dress the black 
wire hanging from J2 on the front-end 
board through the same slot containing 
the coax cable. Run the black wire along 
the edge to the audio-squelch board. 
(This is a square board with a round hole 
in the center.) This board wil l be identi-
fied as 4EA18A10 (narrowband) or 
4EA18A11 (wideband). Only the purist 
will worry about the difference here. 

Connect the black wire from the 
front-end board to hole 8, the location on 
the audio-squelch board already having a 
black wire going to the low i-f discrimina-
tor board. Do not disconnect the wire 
already attached to hole 8. 

The receiver is now ready for align-
ment. The low i-f is 290 kHz; the high i-f 
is 8.7 MHz. Test point 1 is the limiter 
metering, and test point 2 is the discrimi-
nator secondary metering. Be careful of 
the four slug-tuned coils in the low i-f 
filter, as a strand of rubber is usually 
placed inside as a friction device and it 
has a strange feel on the tuning tool. 

transmitter 
The Voice Commander II and III 

transmitters are simple and straightfor-
ward. On some models, the crystal plugs 
in; on others it's soldered in. A tuning 
chart is mounted inside the back cover of 
all units. The only coils needing alteration 
are those in the driver and final, and a 
simple squeeze wil l suffice. 

The audio system of the Voice Com-
mander transmitter is pretty hot. If you 
wish to speak close to the microphone, 
reduce the sensitivity by shunting a 
390-470-ohm resistor across the micro-
phone cartridge. 

With the modifications described in 
this article installed in your Voice Com-
mander you wil l have a unit that is a 
pleasure to use. 

ham radio 
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tebook 

improved 
transceiver selectivity 

The advantages of operating with 
transceivers are well established. How-
ever, most transceivers on the market lack 
adequate selectivity for cw reception. I've 
seen many circuits for narrowing receiver 
audio bandwidth, but they are either too 
complicated or entail too many modifica-
tions, which reduce the transceiver's 
trade-in value. 

I use a parallel-resonant circuit be-
tween the audio driver and power-ampli-
fier tubes in my transceiver to improve 
selectivity. Don't be misled by the simpli-
city of the circuit (fig. 1), as it works very 
well. The toroid coil, which is available 
from surplus outlets, and capacitor C 
form a tuned circuit at the desired audio-
tone frequency. A value of C that will 
give the desired audio frequency may be 
chosen from table 1, 

Only two connections need be made at 
the transceiver—nothing to disconnect or 
modify. Simply install the tuned circuit 
between the audio power-amplifier tube 
grid and ground through a switch. The 
assembly may be remotely located or 
mounted at the operating position. The 
tuned circuit and switch may be mounted 
in a minibox, with a shielded cable to the 
transceiver. Thus no holes or other1 altera-

tions are needed that will degrade the 
transceiver. 

As with all passive networks, this filter 
causes some loss in audio power, especial-
ly as C is increased beyond 0.5 utF. This 
means you'll have to crank up the volume 
control a bit higher than normal. This 
shouldn't pose a problem, because most 
transceivers have volume to spare. 

l88mH .TOSDID 

-O CMX TO GRID OF AUDIO PA STABE (SFOOr MAX) 

m 

fig. 1. Simple filter for CW selectivity. 

table 1. Capacitor values for desired tone 

tone 
(Hz) 

1700 
1000 

750 
550 

value of C 
(MF) 

0.1 
0.33 
0.5 
1.0 

With this simple filter you'll find that 
interference from other signals and man-
made noise will almost disappear. Cw 
signals a few hundred Hz apart can be 
separated easily, and the main tuning dial 
becomes very sensitive. 

J. Donato, VE3BWD 
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L1 31 turns no. 18 airwound, 5/8" 

diameter, 1-7/8" long, (B&W 3007) 
tapped at 2, 11 and 27 turns (tunes 
4—40 M H z ) 

fig. 2. Preselector for use with general-coverage 
receivers. 

general-coverage 
preselector 

The circuit in fig. 2 was designed for 
receivers tuning between 0.5—30 MHz . 
Act ive devices are an fet in a common-
gate, source-input circuit and an n pn 

si l icon transistor in a standard common-
emitter circuit. The transistors are inex-
pensive. The fet, a G E FET-1, costs 
$2.25; the 2N3563 transistor is available 
f rom Poly Paks at four for a dollar. 

The preselector has fair ly uni form 
gain. Measured at the receiver, preselector 
gain is 20 dB between 2 - 3 0 MHz, wi th a 
rising characteristic toward the low end 
of the broadcast band, where the gain of 
most receivers seems to be down. 

The low-impedance source input of 
the fet matches low-impedance antennas. 
The fet is used mainly as an impedance-
matching device and has l itt le gain when 
used alone. High output impedance of the 
fet and high input impedance of the npn 
transistor results in low tank-circuit load-
ing; thus tank-circuit Q remains high. 
With a 5-volt power supply, total current 
drain is less than 2 mA . 

L2 59 turns no. 18 airwound, 1" diame-
ter, 1-7/8" long, ( B & W 3 0 1 6 ) tapped 
at 7, 28 and 38 turns (tunes 1.75—18 
MHz) 

L 3 , L 4 80 turns no. 26 closewound on 
slug-tuned ceramic form, brass slug 
(L3 tunes 1.05—2.2 M H z , L 4 tunes 
0.5—1.25 M H z ) 

Another fet could have been used 
instead of the npn transistor; however, 
the 2N3563 'S gain characteristic, togeth-
er w i th its low price, made it a desirable 
choice. 

The broadcast band is divided into two 
segments. A two-gang capacitor, with 
provisions for paralleling, is used. This 
gives some f lexibi l i ty, but it isn't entirely 
necessary for satisfactory operation. The 
variable capacitor In the antenna circuit is 
used to vary input coupl ing on the 
lower-frequency bands, since overloading 
causes cross modulat ion. 

The transistor sockets and related cir-
cuit components are mounted on a 2 x 
4-inch piece of perf board. This board, 
plus the larger parts, are mounted on a 4 
x 7-inch piece of wood. 

With my DX-150, which has spotty 
sensitivity and some image problems, the 
preselector improves reception on the low 
end of the be band and on 160 meters. 
With a 25-foot-length of wire for an 
antenna, the preselector-receiver combi-
nation performs very well. 

George Hirshfield, W50ZF 
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printed-circuit labels 
Often it's desirable to permanently 

label components, terminals, and the 
printed-circuit board itself. These items 
may be labelled with copper by using 
dry-transfer letters. The letters resist the 
metal etchant in the same manner as tape, 
etch-resist pencils, ink, or paint placed on 
the copper-clad board. 

Dry transfer labels for electronic 
equipment are made by Datak Corpora-
tion, Passaic, N. J. Many amateurs use 
them to label panels or chassis. The 
transfers resemble decals, but are more 
convenient to use. The lables are transfer-
red by lightly rubbing over the characters 
with a ball-point pen. The sheet of 
characters is gently lifted to assure a 
complete transfer. This technique isn't 
convenient for use with boards using 
photo-resist chemicals, however. 

Earnest A. Franke, W A 4 W D K 

harmonic generator 
The circuit shown in fig. 3 will pro-

duce 50-mV harmonics through 1296 
MHz with an input of 0 .15 -1 V from a 
100- or 1000-kHz crystal oscillator. With 
a germanium diode instead of a tunnel 
diode, harmonics can be heard up to 
about 147 MHz. 

ture, the voltage developed across the 
resistor alters the base current, through 
dc feedback, to stabilize the collector 
current I am not using an emitter resis-
tor, however, and have had no trouble. A 
larger resistor, up to about 470 ohms, can 
be used. This will affect the output of the 
circuit. The emitter resistor should be 
bypassed to prevent gain loss due to 
degenerative feedback. 

A complete circuit is shown in fig. 4 
for those who don't have a 100- or 
1000-kHz oscillator. 

Chuck Spurgeon, W5GDQ 

fig. 3. Basic harmonic genera-
tor using a tunnel diode. 

hardware for uhf use 
When building vhf and uhf compo-

nents such as resonant cavities and strip-
line amplifiers, the need occasionally 
arises for nylon screws and nuts. Many of 
us don't have a supply of such items and 
look for substitutes. 

fig. 4. Complete har-
monic generator cir-
cuit including refer-
ence oscillator. 

30fjV 
2 2 OUTPUT 

A 2- to 5-ohm bias resistor can be 
inserted between emitter and ground to 
prevent possible thermal runaway. As the 
collector current increases with tempera-

A source of raw material is the flexible 
plastic handles used on ordinary cotton 
swabs known (appropriately) as Q TIPS. 
The handles measure 0.10 inch in diam-
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eter—just the right size for a 4-40 die. The 
Q-TIP handles will thread nicely for use 
as screws. All that remains to be done is 
to saw a slot in one end to accept a 
screwdriver. The cotton swabs are avail-
able for a few cents in any drug store. 

Insulating nuts or washers can be made 
from sheet plastic. Drill and tap a 4-40 
hole in the sheet, then punch out the 
material around the hole with a paper 
punch. The disc out of the punch be-
comes the nut or washer. 

Ted Swift, W6CMQ 

six-meter mobile antenna 
It's easy to assemble an effective six-

meter mobile antenna from hardware-
store material. An additional advantage is 
that no holes need be made in the car if 
the antenna is only temporary. 

My antenna was made of two tele-
scoping pieces of do-it-yourself aluminum 
tubing and an inexpensive plastic ice 
chest. The plastic foam of the ice chest is 
the nearest thing to air, and it must be 
reinforced at critical points. This is impor-
tant for mobile operation at high speeds. 

I mounted the ice chest on a cartop 
carrier and ran a horizontal dipole 
through it, fore and aft. Each of twp 
larger sections of the tubing entered the 
plastic ice chest and were joined in the 
center by a dowel. The coax feed was run 
from this point through a hole in the 
bottom of the ice chest. I inserted the 
small-diameter tubing in the ends of the 
larger sections and adjusted the antenna 
for minimum standing-wave ratio. 

The antenna was highly effective on a 
cross-country trip. I obtained good signal 
reports, worked some good DX, and the 
antenna was durable at high speeds; how-
ever, the reinforcement is essential for 
this. 

If a carrier is made from the suction 
cups and straps available at auto-supply 
stores, the entire antenna is less expensive 
than any commercial version and is appar-
ently a better radiator as well. I noticed 
little evidence of directivity. 

Guy Black, W4PSJ 

TELREX 
"CHALLENGER" 

LINE 
Outstanding Performance at Lower Dost! 

Featuring: 
Balun Fed 5 Element TRI-BAND* 

Model TB5EC/1KWP 
10-15-20M Single Trans Line Array 

only 
$19800 

f.o.b. Asbury Park, N.J. 

EXCLUSIVE TELREX 
CUSTOM FEATURES 

. 49 lb of Educated Aluminum (R) gain 8.5 
DB Epoxied, hi-q, h-v ceramic capacitors, 
resonated traps. 

. Custom machined, heavy wall sectionally 
coupled and reinforced, 2 ' / 2 " x 2" x 18' 
aluminum boom, dural, taper-swaged ele-
ments, through construction. 

. Individual optimum spaced, optimum tuned 
reflectors provide 28 DB, F/Q on 10, 15 & 
20 meters. 

. Patented broad-band, encapsulated balun 
supplied. 

• Stainless steel electrical hardware, heavy-
duty cadmium plated steel tiltable mount-
ing plate. 

• Survival rating 110 mph, power 1KW peak 
rain or shine! 

At selected dealers . . . 
or order d i rect for fast persona l service. 
Other CHALLENGER models from 3A through 
80 meters available. Write for catalog PL70. 

I iB/rex ANTENNA LABS 
Asbury Park, N. J. 07712 

dJ) 
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Incentive Licensing 
Is Here! A 

Brush up - Tone up - Shape up 
with AMECO Technical Books 

and code practice records. 
EASY TO UNDERSfAND~BOOI^ 

# 16 01 Advanced class license guide 50 

# 17-01 Extra class license guide 75 

Radio amateur theory course. Latest edition 

is ideal for brushing up. 

#102-01 {over 300 pages) 3.95 

THE FASTEST AND SIMPLEST WAY 
TO INCREASE CODE SPEED . . . 

AMECO CODE PRACTICE RECORDS 
( 3 3 % RPM) 

#104-33 Contains material to increase 

code speed from 13 wpm to 22 wpm 3.95 

# 106-33 19 to 24 wpm supplement 

to above 3.95 

A N D F O R T H O S E O F Y O U 
W H O A R E A B I T R U S T Y 

#103-33 Contains material for 8 to 18 wpm ....3.95 

#105-33 supplement to above 3.95 

AT LEADING 

HAM DISTRIBUTORS 

DIVISION OF AEROTRON, INC. 
P. O. BOX 6527 • RALEIGH N. C. 27608 

digital frequency meter 

The FM-6 digital frequency meter, 
manufactured in ki t form by the Micro-Z 
Company, measures and displays the fre-. 
quency of any transmitter carrier oper-
ating up to 35 MHz—automatically and 
continuously. Connection is made with a 
coax T connector and special cable to any 
transmitter, transceiver, or exciter wi th 
an output from 1 to 600 watts. For 
higher power transmitters, the unit is 
inserted between the exciter and the final 
amplifier. 

The heart of the FM-6 is a 100-kHz 
crystal oscillator, adjustable to WWV, 
that produces a precise gate to permit the 
unknown signal to pass to a digital 
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counter and display. To increase accuracy 
and prevent ambiguous readings, a special 
dual synchronizer circuit is used to 
synchronize the gate with the signal to be 
measured. 

The readout consists of two long-life 
NixieR tubes that display both kilohertz 
and megahertz together with the appro-
priate decimal point. As an example, if 
the frequency is between 7248 and 7249 
kHz, the dial wil l read 7.2 on the MHz 
scale, and 49. on the kHz scale. On higher 
frequencies, the highest digit is deleted, 
(ie. 14.3 MHz would read 4.3). The 
readout is constant as long as a carrier is 
on the air. Once every second a sample of 
the transmitter signal is made, and the 
frequency reading is "updated." This 
process takes only a few microseconds 
and the reading is stable and constant 
between measurements. Measurement ac-
curacy is within 100 to 200 Hz, and the 
readout accuracy is 1 kHz. 

The unit is all solid-state and uses 
TTL MSI (medium scale integration) log-
ic. A high-voltage power supply for the 
tubes, and a regulated supply for the logic 
circuits is self-contained in the small 
metal enclosure (3 1/8" high, 5 1/2" wide 
and 7 1/4" deep). The easy-to-assemble 
kit is supplied with all parts, cabinet, 
circuit board, coax connectors and detail-
ed assembly instructions; $139.50. A 
factory assembled unit is $169.50. For 
more information, write to Micro-Z Elec-
tronic Systems, Box 2426, Rolling Hills, 
California, 90274, or use Check-off on 
page 94. 

rotary qsl fib 
In the new products release in the 

July, 1970 issue, it was indicated that 
each rotary QSL holder comes complete 
with 600 clear plastic pockets. This was 
in error-each holder comes with 160 
plastic pockets. The model CB-8-H rotary 
QSL file is $8 post-paid from M-B Prod-
ucts & Sales, 1917 Lowell Avenue, Chica-
go, Illinois 60639. For more information 
use Check-off on page 94, 

IT'S WHAT'S INSIDE 
THAT "COUNTS" 

Accuracy and stability has been 
placed first in the design of the TBL-1 
Marker. We feel a marker should be more 
accurate than the receiver it is going to 
calibrate — so no compromise has been 
made with quality. 

Fairchild, Motorola, JFD, Jan, Mai-
lory, IRC and Keystone components are 
used throughout. It costs more, but 
calibrate with the best. Hundreds have 
been sold to government, amateurs, 
SWL's, schools and laboratories around 
the world. 

Try one today. 

Frequency marker, less cabinet and switch 
Specifications: Glass Epoxy Board. Adjustment 
to zero beat with WWV. Uses 100 KHz crystal 
(not supplied). 3 to 4 VDC. Compact — 1.75 x 
3.75 inches. Install anywherel 
Complete easy-to- f l f i e n Wired and OR 

assemble kit $ IO.JU Tested 9'»•«»«» 

SWITCH $1.00 CRYSTAL ONLY $ 3 . 5 0 
with purchase of any of above 

or 

SELF-CONTAINED UNIT 
The TBL Marker is a complete unit includ-

ing the circuit board shown at left and powered 
with 3 "C" type flashlight batteries. Merely 
connect to your receiver antenna — no internal 
wiring necessary. A front panel control allows 
zero beat with WWV. 

Special introductory price 40Q OK 
Less crystal and batteries 

POSTPAID U.S.A. 
SOLD WITH MONEY BACK GUARANTEE 

THE RADIO SHOP, LAB 1 
48 ELM STREET, NEW CANAAN, CONN. 06840 

Tel. 203-966-3553 
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HERE IT IS! 
The All NEW 

Radio Society of Great Britain 
VHF - UHF MANUAL 

by G. R. Jessop, G6JP 

uhfuhf •Tcajiuar. ca«.Mgiic*jp 

¥ • 
21/-

Over 250 pages devoted to all phases of 
the world above 50 MHz. Includes chap-
ters on Propagation, Tuned Circuits, Fil-
ters, Receivers, Transmitters, SSB, Mobile 
Equipment, Antennas and Accessories. 

Only $3.75 
Postpaid U.S.A. & Canada 

ALSO FROM THE RSGB 

Radio Communications Handbook $11.95 
The outstanding handbook for the radio 
amateur. 

Amateur Radio Circuits Book $ 2.00 
Radio Data Reference Book $ 2.50 
World at Their Fingertips $ 2.50 
Amateur Radio Techniques $ 2.50 

All postpaid U.S.A. & Canada 

Order today from 

b o o k d i v i s i o n 
BOX 592 

AMHERST, N. H. 03031 

low-cost rf detectors 

Radiation Devices Company has an-
nounced a new line of low-cost coaxial rf 
detectors for rf demodulation and voltage 
measurement over the frequency range 
from 1 to 1000 MHz. Units are available 
without terminating resistors, or with disc 
terminations of 50 or 75 ohms. Point-
contact or hot-carrier diodes may be 
specified, with positive or negative output 
polarity. Frequency response is ±0.5 dB 
to 500 MHz, and ±1 dB to 1000 MHz. 
Maximum output voltage is 3 volts rms 
(point-contact diode) or 25 volts rms 
(hot-carrier diode). Power dissipation is 1 
watt at 25°C. Mounted in BNC-typeplug 
or jack with panel mounting option. 
Prices range from $12 to $15; for more 
information write to Radiation Devices 
Company, Post Office Box 8450, Balti-
more, Maryland 21234. 

log-periodic antenna 

Hy-Gain Electronics Corporation has 
announced the availability of an all new 
rotatable log-periodic antenna that pro-
vides continuous coverage from 6.2 
through 30 MHz. This antenna has been 
specifically developed for limited-space 
applications and is one-half the size of 
comparable antennas covering the same 
frequency range. The wideband coverage 
of this antenna makes it ideal for MARS, 
maritime, and government high-frequency 
communications applications. 

The vswr over the operating range is 
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less than 2:1. Gain is 10 to 12 dB over an 
isotropic; front-to-back ratio is 10 dB 
average. Power handling capability is 1 
kW average, or 2 kW peak. Input imped-
ance is 50 ohms. The boom length is 36 
feet, and the longest element is 40 feet. 
Weight is 250 pounds. 

This new log-periodic array, the 
LP-1017, is priced at $1400. A complete 
system, the 5017, includes the antenna, 
Hy-Gain R-3501 rotator and remote-
control indicator, and a roof-mounted 
20-foot support structure; the 5017 is 
priced at $2850. For more information, 
contact the Hy-Gain Electronics Corpora-
tion. RR3, Lincoln, Nebraska 68505 or 
use Check-off on page 94. 

digitone 
Digitone Telecommunications Asso-

ciates offers a number of interesting prod-
ucts for the vhf-fm amateur operator. 
Digitone decoders, logic processors, and 
other associated devices have been devel-
oped to fill the need for highly reliable, 
inexpensive solid-state tone-control 
equipment. The decoding devices are 
highly versatile in that different combina-
tions may be selected to achieve varying 
degrees of complexity. Control outputs 
may be derived directly from the decoder 
(recognizing single tones), from a binary-
decimal converter (recognizing tone 
pairs), or from the decimal code pro-
cessor which recognizes and responds to 
sequential three-digit tone-pair codes. 

Products currently available from 
Digitone include the TDM-202 tone de-
coder module, the BDC-203 binary-
decimal converter, decimal code pro-
cessors, DPS-201 decoder power supply, 
COR-221 carrier-operated relay, ACU-
222 autopatch control unit, STE-101 
single-tone encoder, and TTE-102 tel-
touch encoder. 

For more information on the complete 
line of Digitone products, and a copy of 
their latest application notes, write to 
Digitone, Post Office Box 116, Ports-
mouth, Ohio 45662. or use Check-off on 
page 94. 
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a second look by 

fisk 

There's a new integrated circuit on the 
market that could revolutionize future 
communications-equipment design. The 
new IC, the Signetics N565 monolithic 
phase-locked loop, can be used for a large 
number of interesting applications, in-
cluding frequency multiplication and divi-
sion, fm demodulation and a-m detection. 
Actually, the phase-locked loop concept 
dates back nearly 40 years, but amateur 
applications of the scheme have been few 
and far between — primarily because of 
c i rcu i t complex i ty and alignment 
problems. 

The basic phase-locked loop consists 
of a phase detector, a low-pass filter, an 
amplifier and a voltage controlled oscil-
lator (vco) in the feedback loop. The 
input signal is fed into the phase detector 
where it is compared to the output of the 
vco. If there is a phase difference between 
the input frequency and the vco, the 
phase detector produces a dc output 
signal which is fed through the low-pass 
filter and controls the frequency of the 
vco, locking the phase of the vco signal to 
that of the input. If a crystal-controlled 
signal is used at the input, the output of 
the vco has essentially the same stability 
as the crystal. 

The applications for this new inte-
grated circuit are so diverse that the data 
sheet is already six pages long. For 
example, you can generate a wide range 
of frequencies which are multiples or 
submultiples of the input reference signal; 
and the output will have the same per-
centage of accuracy and stability as the 
input. Tunable vhf converters take on a 

new light with a phase-locked vfo, as do 
high-frequency ssb receivers and trans-
mitters. 

A s a frequency-selective fm demodu-
lator, you can use the phase-locked IC in 
i-f strips and fm detectors and as high-
linearity detectors for very wideband fm 
applications. A s a signal conditioner, you 
can use this new integrated circuit to 
synchronize signals, or to track noisy or 
unstable signals — think of the many uses 
for this handy device in weak-signal vhf 
work. The phase-locked IC can also be 
used for frequency selective a-m detec-
tion, or as a coherent a-m detector. 

The Signetics N565 also has several 
functions that are directly applicable to 
vhf fm operation. Since the circuit can 
detect tones, you can use it for simple, 
but effective selective-call systems. If 
your fm repeater uses multiplex to read 
out various repeater operational para-
meters via multiplexed fm telemetry, 
you can use the integrated phase-locked 
loop to filter and demodulate the signals. 

The frequency range of the IM565 is 
0.1 Hz to 500 kHz; the more expensive 
N562 works up to 50 MHz. The circuits 
will operate with signals of 100MV to 1 V 
with best operation at about 5 millivolts. 
We expect to have a complete applica-
tions oriented article on this new device 
in a coming issue. In the meantime, if you 
come up with any interesting phase-
locked loop circuits, I would like to hear 
about them. 

J imFisk, W1DTY 
editor 
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The converter described in this article was 
used to establish the 138-mile Australian 
record wi th VK4KE on 1296 MHz. From 
the beginning of the project it was de-
cided to develop a solid-state local-
oscillator chain to gain experience wi th 
transistors in the uhf range. The improved 
frequency stability would allow narrow-
band operation wi th a consequent reduc-
tion in transmitter output power. To 
obtain any distance on low power, 
portable operation f rom 12 V would be 
necessary. 

In the past, the tendency to build 
units like a battleship stemmed mainly 
from having access to a well-equipped 
workshop. As I now use what is probably 
a typical ham workshop, consisting of a 
vise and a few hand tools, I was forced to 
modify construction methods accord-
ingly. The majority of projects are now 
built using 26-gauge tinplate. It's easy to 
work, solders well wi th a 25-watt iron, 
and most important of all it provides 
excellent rf shielding. If care is taken wi th 
the mechanical design, this light-gauge 
metal provides adequate mechanical 
stability. This metal is available at reason-
able prices in most cities and is stocked at 
technical colleges. 

description 
The schematic is shown in fig. 1. The 

mixer uses an shf diode in a trough line 
that feeds an fet low-noise preamp using 
an MPF-107. The LO chain used five 
Fairchild AY1119 transistors.* My choice 
of these devices from an overwhelming 
number of available types was mainly 
because of their low cost. I use this 

"Type 2N918 and 2N3487 also work well, 
editor. 

november 1970 



C4, C8, CIO, 0.5-5 pF tubular ceramic 
C17, C20 trimmers 

C13, C14 no. 8 screws with lock washer and 
nut 

C15 diode bypass capacitor (fig. 2 and text) 

D1 1N21, 1N23, or other suitable vhf/shf 
mixer diode 

J l , J2 BNC sockets 

J3 miniature close-circuit phone jack 

L I 12 turns no. 28 on 5/16" diameter slug-
tuned form 

L2 1 turn single-strand hookup wire, cold end 
L I (see text) 

L3 2 turns single-strand hookup wire, center 

L I 

L4 5 turns no. 16, 7/16" ID winding length W 

L5, L7, L9 1 turn single-strand hookup wire 
7/16" ID 

L6 3 turns no. 16, 7/16" ID winding length 

3/8" 

L8 l'/4 turn no. 16, 7/16" ID, winding length 
3/8" 

L10 1" collector lead of Q5 (Figure 2 and 
text) 

L l l , L12 W OD copper tube, 4V4" long, 
Figures 2 & 4 

L13 >/;" length no. 18 (see text) 

L14 7/8" length no. 18 (see text) 

L15 7V2 turn no. 28 enam. closewound over 
cold end L i e (see text) 

L16 17 turns no. 28 enam. closewound, 5/16" 
OD; form mounted over C17 

L17 60 turns no. 35 enam. progressive winding 
on 3/16" OD slug-tuned form (see text) 

L18 17 turns no. 28 enam. closewound 5/16" 
OD form mounted over C20 

L19 2 turns single-strand hookup wire over 
cold end of L18 

R6 200 ohm, 'A watt (select value to give 4-5 

mA Q6 drain current) 

Y1 52.8125 MHz 3rd overtone crystal 

fig. 1. Schematic of the 1296-MHz converter. A 9.8-dB noise figure is claimed after optimizing the 

circuits. 
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inexpensive npn transistor for most i-f 
and rf applications where noise figure 
isn't important. The AY1119 has an f j of 
around 450 MHz and will produce 20-30 
mW in the low vhf range. The A Y 1114 is 
its direct pnp counterpart and may be 
used when a positive ground is desired. 

An i-f of 28.5 MHz was chosen, which 
allows coverage to 0.5 MHz below 1296 
MHz with a receiver that tunes the 

suitable diode such as the 1N82 on hand. 
Plenty of output was available from Q4 
on 422.5 MHz, so it seemed that an 
AY 1119 would work well as a tripler. 
Success was immediate and so simple it 
took some time to convince myself that 
the output was on the right frequency. 

The total collector-lead length of one 
inch is approximately resonant at 1267.5 
MHz to provide maximum drive to the 

Hole A to clear 0.001-uF feedthroughs Hole E tapping holes for bottom cover 

Hole B to clear 5-pF trimmers Hole F 3/8" diameter 

Hole C to clear L1 Hole G clearance hole for Q5 

Hole D to clear C I 3 and C14 tuning screws Hole H clearance for Q2 — Q4 (approx. 7/32" 
square) 

fig. 2. Parts layout for mixer, oscillator, and multiplier chain. Arrangement should be followed as 
closely as possible. Q5 collector lead length is critical; it should not exceed 1 inch. 

standard 28-30 MHz band. The third-
overtone crystal oscillator, Q1, operates 
at 52.8215 MHz. 

Transistors Q2, Q3, and Q4 are 
doublers operating at 105.625, 211.25, 
and 422.5 MHz respectively. Common-
base configuration was chosen, as it pro-
vides a convenient layout with a mini-
mum of components per stage. 

tripler stage 
Transistor Q5 triples to 1267.5 MHz, 

providing up to 1 mA of mixer diode 
current. I originally intended to use the 
more common but less efficient diode 
multiplier. Fortunately, I didn't have a 

LO trough line. The trough-line portion 
of the converter is similar to that de-
scribed in the A R R L vhf handbook and 
originally appeared in QST, March 1961. 

The LO injection signal is coupled to 
the diode together with the signal to 
produce the desired i-f output on 28.5 
MHz. A neutralized Motorola MPF-107 
jfet is used in the i-f preamp to provide 
the lowest possible noise figure. An 
MPF-102 could be used for this stage, but 
it's more difficult to neutralize due to the 
higher feedback capacitance and may not 
produce as good a noise figure as the 
MPF-107. As this type of diode mixer has 
a considerable conversion loss, the noise 
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figure of the i-f preamp contributes 
directly to the overall noise figure of the 
converter. If a 14-MHz i-f is chosen, then 
the MPF-102 would probably be suitable, 
but some degradation of overall noise 
figure may result due to poor image 
rejection. 

construction 

The general layout and dimensions are 
given in figs. 2 through 5. 

Some variation may be required to use 
components on hand. This shouldn't be a 
problem as long as all leads are kept as 
short as possible. The LO chain was 
constructed separately, then soldered to 

Hole A to clear 0 .001-uF feedthrough 

Hole B to clear 5-pf trimmer 

Hole C 3 / 8 " diameter 

Hole • to clear J 3 

Hole E to clear L I 7 

fig. 3. Preamplifier parts layout. Circuit is 
mounted in a separate box, which is secured to 
the top of the main chassis with self-tapping 
screws. 

the main chassis after adjustment (see 
below). This was convenient for the 
prototype, but the chassis could be con-
structed f rom one piece, if desired, wi th 
suitable partitions. I originally intended 
to construct the i-f amplifier in the 
compartment at the end of the mixer 
diode, but this would have made the 
diode inaccessible, so the preamp was 
constructed in a separate box and secured 
to the top of the converter wi th % inch 
no. 2 self-tapping screws. 

Type 2 BA or no. 10-32 countersunk 
screws are used for tuning screws at the 
center of each trough line. This size 

provides a fine thread for tuning, with a 
large diameter that reduces wobble. A nut 
is soldered to the top of the chassis. The 
end of the tuning screw can be slotted 
before threading into position. Both half-
wave lines of Va-lnch O D copper tubing 
are soldered centrally in the trough lines 
after the tuning screws have been fitted. 
The signal-input loop of no. 18 wire is 
soldered to the connector, threaded 
through the mounting hole, out through a 
small clearance hole in the end plate, then 
soldered into position after the connector 
is tightened. 

mixer assembly 

The mixer diode mount is constructed 
from tinplate as shown in fig. 4. A 
3/4 x 3/16-inch strip is cut almost 
through at intervals of 1/16 inch to form 
fingers. The strip is then bent around a 
Va-inch dril l to f i t the diode body. The 
seam is soldered, then the base of this 
section is soldered to the capacitor plate, 
C15. Remove all burrs and form the 
fingers to provide a f i rm f i t on the diode 
body. 

The capacitor is formed by a thin layer 
of teflon or polyethylene between C15 
and partit ion 2 (fig. 4). The mounting 
screws land inside the ends of the two 
%-inch copper tubes, L11 and L12. The 
heads of the screws are insulated from 
C15 plate with small washers. The diode 
pin contact may be salvaged from an old 
bakelite octal wafer socket or may be 
fashioned from a small piece of tinplate. 
Solder a length of no. 18 tinned copper 
wire to the contact (L14), bend as shown 
in fig. 2, and solder to partition 2 in the 
signal trough line. It's not advisable to use 
a good diode while soldering, as it could 
be damaged by heat. Assemble the diode 
mount, C15, and check for shorts before 
inserting the diode. 

local-oscillator chain 

Construction of the LO chain on the 
L-section shown in fig. 4 is straight-
forward. The holes in the partit ion shields 
for Q2-Q5 should be a neat f i t . Bend the 
emitter and collector leads at right angles 
before insertion, but take care not to 
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rotate the leads. If the angle is incorrect, 
straighten the lead and rebend in the 
desired direction. The base lead is 
soldered hard up to the transistor case. 

top of the converter with four %-inch no. 
2 self-tapping screws. The lid is a press fit. 
A baseplate is desirable to reduce radia-
tion from the trough lines. 

>i 

1 

4 

a -

L, 
9 

16 

" T 

,0-

PARTlTION 2 

t 
>i 

o 

o: 
0 

1 

CI5 

PARTITION 3 
(3 REQ'D) 

•PRESS FIT ON DIC/DC PI 

PARTITION 

SOLDERED TO SIDE OF LO TROUGHLINE ABOVE 

fig. 4. Main chassis dimensions. Material is 26-gauge tinplate, which provides good shielding and 
mechanical stability. CI5 is insulated from partition 2. 

This is important, as base lead inductance 
degrades the performance of the stage. 
There is no room for a heat sink, but this 
isn't necessary as the manufacturer's data 
sheet states, "soldering temperature not 
to exceed 300° C for more than ten 
seconds." 

Tin the chassis first, then use a hot 
iron as quickly as possible. I've removed 
and replaced one transistor several times 
with no detectable reduction in perfor-
mance. Once the multiplier chain is 
operating satisfactorily, solder this sec-
tion to the side of the trough line and 
install Q5. 

The i-f preamp is constructed in a 
simple box (fig. 5) and attached to the 

adjustment 
You'll need some simple test equip-

ment and a couple of easily made acces-
sories for adjusting and aligning the con-
verter circuits: 

1. Signal generator. 

2. Grid-dip oscillator. 

3. Multimeter. 

4. General-coverage receiver. 

5. Diode mixer. 

6. Signal-source termination. 

The last two items are easy to make 
from junk-box parts. The diode mixer 
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(fig. 6) is used for checking crystal-oscilla-
tor performance. Almost any diode wi l l 
work , but greater sensitivity wi l l be 
obtained w i th a detector diode or a 

line. If a suitable gdo is available, each 
circuit may be tuned before wir ing the 
12-V supply line. Connect a multimeter 
(0-10 mA range) f rom C7 to the chassis. 

© * I 
- O , 

- Q 

u . 

1 ' 

oA 
O 

Or 
cf-

o 

1 I K 1 2 

' i -

I \ \ 

Ti 

•—A LIP-TURN UP OH ALL SIDES 
1 

fig. 5. Dimensions for preamp chassis, A , and the main chassis bottom plate. 

high-speed computer diode. The diode 
mixer should be enclosed in a small 
shielded box, and good-quality coax cable 
should be used for the coupling line. 

The signal-source termination (fig. 7) 
is used in the procedure for opt imizing 
the converter mixer noise figure. Mount 
the two connectors on a U-shaped brac-
ket. Use either 75- or 50-ohm resistors, 
depending on the cable to be used. Make 
leads as short as possible. Use only 
carbon-composit ion resistors, as the 
spiral-track type are very reactive above 
30 MHz or so. 

LO-chain adjustment 

The LO chain is most conveniently 

adjusted before soldering to the trough 

Slowly bring the gdo up to L4 unti l a 
reading of 1-2 mA is obtained on the 
meter. Tune the gdo for maximum cur-
rent, taking care not to exceed ful l scale. 
The current peak indicates the resonant 
frequency of L4. 

Tr immer C4 should now be adjusted 
so that the first doubler stage resonates at 
105.625 MHz. The turns spacing of L4 
may require adjustment if resonance 
occurs outside the range of C4. Pretune 
the remaining multipl ier stages similarly. 

This adjustment method has several 
advantages. Monitor ing the collector 
current of Q2 ensures that transistor 
ratings won ' t be exceeded, especially 
when using a tube-type gdo w i th high 
output. Second, as the application of 
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power to the transistor changes circuit 
resonant frequency, compensation may 
be made by operating the collector at the 
approximate current to be used in the 
circuit. Third, many gdo's exhibit a very 
poor dip, particularly on the higher 
ranges. This method is not subject to false 
dips and provides good sensitivity. 

crystal oscillator 
Connect the 12-V supply to C6 and 

connect C7 to the supply via a 0-10 mA 
meter. Adjust crystal-oscillator tuning for 
maximum current, which should be about 
4 mA. L2 should be coupled as loosely as 
possible consistent with oscillator start-
ing. If the coupling is too tight, the 

Carefully check for any spurious oscilla-
tions for at least ±1 MHz. A beat note 
produced by the crystal oscillator may be 
confirmed by detuning L1 slightly; or, 
alternatively, sufficient frequency shift 
usually occurs if the hand is brought close 
to L1. 

If spurious oscillations are found, it 
may be necessary to decrease the value of 
R3 and recheck the coupling of L2. This 
coupling must be as loose as possible, 
consistent with reliable oscillator starting, 
when L I is tuned slightly to the "slow" 
side of the peak. When the oscillator is 
operating correctly, there should be no 
output on the fundamental frequency 
(17.604 MHz). Check this by tuning the 

fig. 6. Diode mixer accessory 
for checking oscillator per-
formance. RECEIVER 

OSCILLATOR 
COUPLING LOOP 

oscillator may revert to fundamental 
operation or even run free. 

It's unlikely that a receiver covering 
this range will be available to check these 
conditions. This can be resolved by using 
your station receiver and a signal genera-
tor. The signal generator, which should be 
set to about 0.1 =V output, is fed into the 
simple diode mixer (fig. 6). A one-turn 
link on the end of a length of coax is used 
to couple the oscillator signal. The output 
of the mixer is fed to the receiver tuned, 
for example, to 14.0 MHz. (Any fre-
quency clear of stray pickup may be 
used.) The difference between, say, the 
third-overtone frequency, 52.8125, and 
14.0 MHz is 38.8125 MHz. Some signal 
generators may not operate above 30 
MHz, so the second harmonic of 19.406 
MHz may be used. When the signal 
generator is tuned to the correct fre-
quency, a strong beat note should be 
heard in the receiver with the bfo on. 

generator to 3.604 or 31.604 MHz and 
searching for a beat. The latter frequency 
is the more desirable, as there is less 
chance of it being confused with a har-
monic from the signal generator, This 
method may also be used in reverse to 
check the calibration of a signal generator 
at several points with known crystal 
oscillators. 

multipliers 
When the oscillator is operating satis-

factorily, adjust L3 coupling until Q2 
collector current is 4-5 mA. L2 and L3 
should now be secured into position to 
prevent any movement. 

Connect the 0-10 mA meter from C9 
to the 12-V supply, and tune C4 for 
maximum Q3 collector current. It may be 
necessary to adjust the turns of L 4 for 
the peak to occur near the center of the 
range of C4. Adjust L5 coupling to 
produce 6-7 mA of Q3 collector current. 
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Proceed with the adjustment of L8 arid 
L9 similarly to give approximately 7 mA 
of collector current in Q4. It's unlikely 
that C8 or C10 have sufficient range to 
tune to the wrong harmonic. 

The oscillator section should now be 
soldered to the trough line portion of the 
converter. Mount Q5 wi th the collector 
lead as shown in fig. 2. The overall length 
of the lead to the top of the feed-through 
capacitor should be about one inch. 
Apply power and peak C10 for maximum 
Q5 collector current. Adjust link L9 for 
2.5-3 mA Q5 collector current, re-
checking C10 tuning. Mount the i-f pre-
amp and connect. Tune the LO cavity 
screw for maximum mixer diode current, 
which should be 0.5-1 mA. If the tuning 

/TN 1296 MHz 
OUT 

R 2 i 50 or 75 | 

fig. 7. Signal-source termination used for 
noise-figure optimization actiustments. 
Resistors are carbon composition types. 

of the early LO stages is checked, the 
tuning may appear very broad because of 
mul t ip l ie r satura t ion. I t 's safer t o check 

each individual stage collector current, 
except that L8 and C13 may be tuned for 
maximum mixer current. 

The operating frequencies of L8 and 
L11 may be checked with Lecher lines by 
observing a dip in collector current when 
the lines are link coupled to the appro-
priate collector tuned circuit. (Lecher 
lines are described in most handbooks.) If 
the trough-line peak occurs wi th a gap of 
about 1/16 inch for C13, all multipliers 
are probably operating correctly. This 
completes the LO chain adjustment. 

i-f preamp 
Apply power and if necessary adjust 

the value of R6 to give 4-5=mA drain 
current. Connect the output of the pre-
amplifier to the receiver, which should be 
tuned to 28.5 MHz. Normally the stage 
will oscillate over a considerable portion 

of L17's range. Adjust L17 unti l the 
oscillation ceases, then tune to the center 
of the "stable area." Peak L16 and L18 
for maximum noise in the receiver, and 
recheck L17. It may help to link couple 
an external signal to peak the input and 
output circuits. Due to large variation in 
fets, it may be necessary to add or 
remove turns from L17. Final adjust-
ments should be made for best noise 
figure. 

checking mixer noise figure 
Most amateurs don' t have access to a 

good noise generator; therefore a weak 
1296-MHz signal is necessary to optimize 
mixer noise figure. The harmonic of a 
144- or 432-MHz transmitter wi l l suffice. 
The resistive termination (fig. 7) is used 
for this check. Reduce transmitter output 
to about 14 watt and connect the trans-
mitter to load resistor R1 of the termina-
tion. 

If a mixer diode such as the 1N21 or 
1N23 is used, i t should now be possible 

to detect a harmonic f rom a 432-MHz 
transmitter connected via the terminating 
unit. The type number of most shf mixer 
diodes is followed by a letter; e. g., 
1N23F. The higher the letter, the lower 
the noise figure — and also the higher the 
price. As usual, a compromise is required 
unless a diode is obtainable free! 

Mixer noise figure is best optimized 
wi th a signal near the noise level. Connect 
a low-range ac voltmeter or vtvm across 
the receiver output. It may be necessary 
to couple directly across the output 
transformer via a capacitor to obtain 
sufficient noise level for a reading on the 
voltmeter of, say, 0.5 volt. It's not 
necessary to remove the age if the signal 
is kept very low. 

Apply the signal to the converter, and 
tune for maximum indication on the 
meter. If the indication is more than 
about 1 V, it wil l be necessary to reduce 
transmitter power output or decrease the 
coupling between R1 and R2 on the 
terminating unit. If the signal level is 
much higher, it wil l be di f f icul t to detect 
the small changes that indicate if one is 
proceeding in the right direction. 

50 or 75 : 
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final adjustments 
Tune the receiver a few kHz off the 

signal and, if necessary, adjust the re-
ceiver gain control to give the reference 
0,5-V noise-level reading. Retune to the 
signal and note the signal level. Make an 
adjustment and note the difference 
between noise and signal level. As some 
adjustments affect the overall gain, it will 
be necessary to make small adjustments 
to the receiver gain control for 0.5-V 
reference noise level before noting the 
signal level. (We are looking for an in-
crease in signal over noise.) When this 
ratio exceeds 2:1, reduce the signal level 
slightly and continue. This may sound 
tedious, but it can be performed quite 
rapidly with practice. 

The mixer trough line may be peaked 
initially by tuning until a dip is noted in 
diode current then screwing C14 out 
slightly, which tunes this circuit higher in 
frequency. 

The adjustments controlling the noise 
figure are: 

1. Signal trough. Normally tuned for 
maximum signal. 

2. Mixer current. Alter injection in 
increments of 50i±A to find the optimum 
level, which is normally 0.2-0.3 mA, but 
will depend on the diode. The injection 
level may be conveniently controlled 
initially by detuning C10. Once the 
optimum level is found, the coupling of 
L9 may be adjusted to give this value 
with L8 peaked. 

3. Diode coupling. The area enclosed 
by the link should be close to that shown 
in fig. 2. Try altering the area by varying 
lead length in 1/8-inch steps. Once again, 
this will depend on the diode. 

4. Input coupling. The area of the link 
controls matching and should be close to 
that shown. 

5. l-f preamp. The adjustment of L17 
and the input coupling of L15 are critical 
for best noise figure. Adjust L17 in small 
steps, repeak C17 and C20, and check 
signal-to-noise ratio. The number of turns 

on the coupling link, L15, should also be 
varied. 

After optimizing these adjustments, I 
measured the converter noise figure on a 
commercial noise generator. It was 9.8 
dB, which appears to be about as good as 
can be expected with a simple mixer 
using this type of diode. 

power feed 
Note that the bottom of L19 is con-

nected to the 12-V line. This was a simple 
expedient to feed power to the converter 
via the coaxial i-f cable, thus allowing the 
converter to be mounted close to the 
antenna. I used a modified BC-454 
command receiver converted to 28-30 
MHz with link coupling to the input of 
the rf stage. The bottom of the link was 
returned to the 12-V supply line in the 
receiver. No degradation of overall noise 
figure or gain resulted. Also, the problem 
of a separate battery feed was eliminated. 
My 144-MHz converter was likewise 
adapted, so that changing from 144 to 
1296 MHz required changing only the i-f 
cable, which is convenient for portable 
work. 

If you don't wish to modify the i-f 
receiver, an isolating capacitor and choke 
may be used to feed the 12 V into the 
coax. If this feature is not required in the 
converter, return the bottom of L19 to 
the chassis in the usual manner. 

conclusion 
The construction and adjustment of a 

simple but effective 1296-MHz converter 
has been described in detail in the hope 
that its simplicity may encourage some of 
the dc boys to "have a go." No special 
test equipment is required and, with the 
exception of the mixer diode, the set uses 
inexpensive and readily available compo-
nents. V K 4 K E constructed a similar con-
verter using silver-plated brass and 
obtained almost identical results. There 
appears to be little advantage in silver 
plating other than for appearance. Time 
permitting, I'll describe the construction 
of the varactor triplers and antennas used 
on this project. 

ham radio 
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how to use 

the 

smith chart 

Although articles on the Smith chart have 
appeared in amateur magazines from time 
to time, amateurs have made little use of 
this handy transmission-line calcula-
tor — probably because it has been diffi-
cult to measure complex impedances with 
simple homebuilt equipment. However, 
this problem has been solved with the 
simple impedance bridge described by 
W2CTK — at least for the high-frequency 
range.1 With careful attention to lead 
dress and component layout his instru-
ment should be usable on six and two 
meters. 

A hasty glance at the Smith chart 
suggests a formidable array of curved 
lines and circles that would cause the 
most hardened technician to go into fits 
of despair. On the other hand, if you 
spend a little time with the chart and 
look at each of its component parts, it's 
not really very complicated. Perhaps the 
one thing that scares many prospective 
users is its unfamiliar circular shape; it's 
not at all like the straight-line graphs 
you're accustomed to. However, when 
you understand the chart and have 
mastered its use you'll be able to solve 
complex impedance and transmission-line 
problems much easier and faster then ever 
before. 

layout of the chart 
The Smith chart is basically a circle 

which contains various circular scales. 
The horizontal line through the center 
marked "resistance component" is the 
only straight line on the chart and is 
called the "axis of reals" (see fig. 1). 
Constant resistance circles are centered 
on the axis of reals, tangent to the rim of 
the chart at the infinite resistance point. 

All the points along a constant-resistance 
circle have the same resistive value as the 
point where it crosses the axis of reals. 

Superimposed upon the resistance-
circle pattern are portions of other circles 
tangent to the axis of reals at the infinite 
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resistance point, but centered off the 
edge of the chart {fig. 2). The large outer 
rim of the chart is calibrated in relative 
reactance and is called the "reactance 
axis." Any point along the same constant-
reactance circle has the same reactive 
value as the point where it intersects the 
reactance axis on the rim of the chart. All 
points on the Smith chart above the axis 
of reals contain an inductive-reactive 
component and those below the axis of 
reals contain a capacitive-reactive com-
ponent. Since the calibration points go 
from zero to infinity, any complex 
impedance can be plotted on the chart. 

The impedance coordinates on the 
Smith chart would be of little use with-
out the accompanying peripheral scales 
(fig. 3). These scales relate to quantities 
which change with position along a trans-
mission line. Two scales are calibrated in 
terms of wavelength along the trans-
mission line: one, in a clockwise direc-
tion, is "wavelengths toward generator," 
and the other, counter-clockwise, is 
"wavelengths toward load." The entire 

Normalized impedance is defined as the 
actual impedance divided by the charac-
teristic impedance of the transmission 
line. 

fig. 3. Smith chart peripheral scales. 

fig. 2. Smith chart reactance scales. 

length of the circumference of the chart 
represents one-half wavelength. 

normalized numbers 
Normalized values must be used when 

plotting impedances on the Smith chart.* 

Normalizing is done to make the chart 
applicable to transmission lines of any 
and all possible values of characteristic 
impedance. For example, a 50-ohm 
coaxial transmission has a normalized 
value of 50/50 or 1. On this basis an 
impedance of 120 ohms would have a 
normalized value of 120/50 = 2.4 ohms. 
Similarly, Z ' = 0.8 ohms (the prime 
indicates a normalized value) would 
correspond to a value of 0.8 times the 
characteristic impedance of the line or 
0.8 X 50 = 40 ohms. 

What has been said about coaxial cable 
with regard to normalized impedance 
applies equally to waveguide, where a 
characteristic impedance of 400 ohms at 
a specific frequency would be considered 
unity in normalized form. All other 
values would be related to this value, so 

•Since 50-ohm systems are standard for mili-
tary and industrial use, 50-ohm Smith charts 
are available. On a 50-ohm Smith chart the 
center point has a value of 50 ohms. 
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that a 560 - ohm component would have 
the value 560/400 = 1.4 ohms in nor-
malized terminolgy, while Z ' = 0.9 in 
normalized form would actually be 
0.9 X 400 = 360 ohms. 

plotting values on the chart 
Any complex impedance, regardless of 

value, may be plotted on the Smith chart. 
For example, assume the load on a 
50-ohm transmission line is 42.5 - j31.5 
ohms. This is equal to 0.85 - jO.63 when 
normalized. To plot this point on the 
chart, locate 0.85 on the axis of reals and 
no te the co r respond ing constant-
resistance circle {fig. 4). Next locate 0.63 
on the periphery of the chart. The quan-
tity (-j) indicates a capacitive-reactive 
component so the value 0.63 is on the 
lower half of the chart. Note the con-
stant-reactance circle representing-j0.63. 
The complex impedance 0.85 - j0 .63 is at 
the intersection of the constant-resistance 
and constant-reactance circles. 

Draw a line from the center of the 
chart through this point to the outer rim. 
With the point 1.0 on the axis of reals as 
the center, scribe a circle that intersects 
the impedance point. This circle is known 
as the "constant-gamma circle," and its 
radius is equal to the coefficient of 
reflection. The constant-gamma circle 
crosses the axis of reals at two points; the 
point of intersection to the right of 
center is the standing wave ratio (2.0 in 
this case). 

If the voltage were measured at this 
point on the transmission line, it would 
be found to be at a maximum. Con-
versely, the point of intersection one-
quarter wavelength away on the left-hand 
axis of reals is a point of voltage mini-
mum (this point is also equal mathemati-
cally to the reciprocal of the swr). 

The point at the intersection of the 
radial line and the angle of reflection 
coefficient scale represents the phase of 
the coefficient of reflection. This is the 
angle by which the reflected wave leads 
or lags the incident wave. When these two 
waves add in phase to give maximum 
voltage, the impedance is resistive and 
greater than the characteristic impedance 

of the line and the angle of the coef-
ficient of reflection is zero. As you move 
away from the zero-phase-angle point in 
a clockwise direction toward the genera-
tor the reflected voltage lags the incident 
voltage, and the phase angle is negative for 
the first quarter wavelength. The reactive 
component of the impedance in this 
region is negative or capacitive. 

A t the quarter-wavelength (90°) point 
the incident and reflected waves are out 

fig. 4. Plotting impedance co-
ordinates on the Smith chart. 

of phase and the angle of the coefficient 
of reflection is ±180°. As you continue in 
a clockwise direction the two waves 
become increasingly more in phase and 
between one-quarter and one-half wave-
length from the voltage maximum the 
reactive component is inductive, the re-
flected wave leads the incident wave, and 
the reflection coefficient has a positive 
angle. 

A number of parameters are uniquely 
related to one another as well as to the 
magnitude of reflections from the load 
and are conveniently plotted as scales at 
the bottom of the Smith chart. These 
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parameters are vswr, coefficient of reflec-
tion, vswr in dB, reflection loss in dB and 
attenuation in 1-dB steps. 

using the smith chart 
The general utility of the Smith chart 

is best illustrated by showing examples of 
its more common uses. Use of the radi-
ally-scaled parameters will be shown in 
the same way. 

r 
P-h-M' c 8 s 

1 Vf+r̂ r̂+rT HV-r+r 

fig. 5. Using the Smith chart 
to f ind swr (example 1). 

example 1. Finding standing-wave 
ratio. 

A 75-ohm transmission line is termi-
nated with a load impedance Z l = 30 -
j90 ohms. What is the swr? (See fig. 5.) 

1. Normalize the load impedance by 
dividing by 75 

3 0 - i90 
7 5 = 0 . 4 - j1.2 

2. Locate this point on the chart. 

3. Construct a constant-gamma circle 

so its circumference passes through 
this point. 

4. The swr is defined by the point 
where the constant-gamma circle 
crosses the axis of reals on the right-
hand side. In this case swr = 6.4. 

5. The swr may also be determined 
with the radial nomograph. This is 
simply accomplished by marking a 
distance equal to the radius of the 
constant-gamma circle on the radial 
scale labeled "standing wave voltage 
ratio." The value of swr in dB may 
also be determined from this scale. 

swrdB = 16.1 dB 

example 2. Finding the reflection coef-
ficient ( D and angle of the reflection 
coefficient (a) for voltage and current. 

A 50-ohm transmission line is termi-
nated with a load impedance 65 - j75 
ohms. What is the reflection coefficient 
and angle of reflection coefficient? (See 
fig. 6.) 

1. Normalize the load impedance 

65 - J75 
50 1 .3- j 1.5 

2. Locate this point on the chart and 
draw a line from the center of the 
chart through it to the outer scale. 

3. Construct a constant-gamma circle. 

4. The reflection coefficient may be 
calculated by measuring the radii of 
the constant-gamma circle and the 
Smith chart to its first periphery and 
by computing their ratio. Smith-chart 
radius = 57/16 inch; constant-gamma 
radius = 32/16 inch. 

3 2 ^ 5 7 
16 ' 16 

0.56 

5. The coefficient of reflection may 
also be found on the radial nomo-
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graph. Simply mark the radius of the 
constant-gamma circle on the scale 
labeled "reflection coefficient of 
voltage." The constant-gamma radius 
intersects the radial scale at 0.56. The 
"reflection coefficient of power" may 
also be determined from this same 
scale at 0.314. 

6. The angle of the reflection coef-
ficient is defined by the intersection of 
the radial line plotted in step 2 and the 
"angle of reflection coefficient in 
degrees" scale on the rim of the chart. 

a = - 46° 

example 3. Finding input impedance. 

A 50-ohm transmission line 20 feet 
long is terminated with Z|_ = 50 - j50 
ohms. What is the input impedance at the 
sending end of the line at 14.1 MHz? {See 
fig. 7.) 

1. Normalize the load impedance 

50 - j50 
50 = 1 n 

fig. 6. F inding reflection coefficient 
with the Smith chart (example 2). 

2. Find the length of the transmission 
line in meters by multiplying by 
0.3048.* 

20 feet x .3048 = 6.096 meters 

3. Find the electrical length of the 
transmission line at 14.1 MHz. First, 
determine the wavelength at 14.1 
MHz. Free-space wavelength is found 

fig. 7. Using the Smith chart to f ind input 
imepedance (example 3). 

by dividing the speed of light by 
frequency 

. 3 x 108 meters per second 
A = rr-z 77a ; ~7 = 2 I .Z/b m 14.1 x 10° cycles per second 

Calculate the electrical length of the 
transmission line 

6.096 m 
9 " 3 6 0 ° ( 21.276m ) = 1 0 2 ° = 0 2 8 w a v e l e n 9 t h 

4. Plot the impedance coordinates 
from step 1 on the chart and draw a 
line from the center of the chart 
through this point to the outer scale. 

•Although all the computations may be made 
in feet (or inches) the metric equivalents are 
somewhat easier to work with. To convert from 
inches to centimeters, multiply by 2.54. 
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5. Draw another line from the chart 
center to the outer scale at a point 
0.28 wavelength clockwise (toward the 
generator) f rom the line drawn in step 
3. Swing an arc from the center of the 
chart through Z L ' to this line. The 
intersection is at Z[_' = 0.62 + j0.7, the 
normalized input impedance. To find 
the actual impedance this value must 

be multiplied by the line's charac-
teristic impedance 

Zj = 50(0.62 + j0.7) = 31 + j 3 5 

example 4. Calculating load admit-
tance. 

The impedance of a load terminating a 
50-ohm transmission line is 75 + j82 
ohms. What is the admittance of the 
load? (See fig. 8.) 

1. Normalize the load impedance 

Z|_' = (75 + ]82)/50 = 1.5 + j l . 6 4 

2. Plot this point and draw a line 
through the center to the outer scale 
on the oppsoite side of the chart. 

3. Swing an arc through Z[_' to the line 
on the opposite side of the chart. The 
point of intersection denotes the nor-
malized admittance 

Y l ' = 0 .305- j0.33 

4. Calculate the actual admittance by 
multiplying the characteristic admit-
tance of the system times the nor-
malized admittance. The characteristic 
admittance (Y0) is equal to the recip-
rocal of the characteristic impedance 

Therefore, the admittance is 

Y L = 0.02(0.305 - j0.33) 
= .0061 - .0066 mho 

example 5. Determining the effect of a 
characteristic impedance change. 

A 50-ohm transmission line, 0.15 
wavelength long, is terminated with 100 -
jO ohms. The 50-ohm line is fed from a 
72-ohm line. What is the vswr in the 
72-ohm line? (See fig. 9.) 

1. Normalize the load impedance 

Z L ' = (100 - j0)/50 = 2 - jO 

2. Determine the input impedance at 
the point where the two transmission 
lines are connected, 0.15 wavelength 

f rom the load. Plot the normalized 
load impedance on the chart and draw 
a line from the center of the chart 
through this point. Note that the line 
crosses the "wavelengths toward gen-
erator" scale at the 0.25 wavelength 
mark (fig. 9A). 

3. Move 0.15 wavelength in a clock-
wise direction along the "wavelengths 
toward generator" scale to the 0.40 
wavelength mark. Draw a line from 
this mark through the center of the 
chart. Swing an arc through Z(_'. The 
intersection of the arc and the radial 
line denote the input impedance to the 
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o 
50-ohm transmission line 0.15 wave-
length from the load 

Z A ' = 0.68 — j0.48 

4. Find the impedance at point A (fig. 
9C) and normalize to the 72-ohm line. 
The impedance at point A is 50(0.68 -
j0.48) = 3 4 - j24ohms. Normalize this 
value to the 72-ohm line 

LINE B 
Z • 72 OHMS 

LINE A 
Z • SO OHMS 

-015 > • 

2 -100 

fig. 9. Determining the effect of a 
characteristic imepedance change (ex-
ample 5). 

(34 - j24)/72 = 0.47 - j0.33 

5. Plot this point on the chart (fig. 9B) 
and draw a circle through ZA to the 
"axis of reals." The vswr in the 
72-ohm line is 2.5:1. The vswr can also 
be found with the radial nomograph as 
outlined in example 1. 

In the upper vhf region ordinary 
capacitors and inductors cannot be relied 
upon to act as pure reactances, and 
sections of transmission line are often 
used in their place since any input 
reactance may be obtained with the 
proper length of open- or short-circuited 
line. 

example 6. Transmission lines as circuit 
elements. 

It is desired to obtain +j100 ohms 
reactance with a 50-ohm short-circuited 

fig. 10. Using a transmission line 
as a circuit element (example 6). 
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o o 
fig. 11. F i n d i n g m a t c h i n g s t u b length 

a n d l o c a t i o n ( e x a m p l e 7) . 

transmission line as the circuit element. 
What length is required? (See fig. 10.) 

1. Normalize the desired reactance 

Z ' = (+j100)/50 = +j2 

2. Since the line is short-circuited, 

Z(_ = 0 + jO, and Z[_' = 0 ohms. 

3. Plot these two points on the chart 
and draw lines from the center of the 
chart through each of them. On the 
"wavelengths toward generator" scale 
there is a distance of 0.176 wavelength 
between the two lines. Therefore, a 
transmission line 0.176 wavelength 
long is required for a reactance of 
+j 100. (At 144 MHz, +j 100 represents 
an inductance of 0.11 MH.) 

example 7. Finding matching stub length 
and location. 

A 50-ohm transmission line is termi-
nated with a load impedance of 32 + j20 
ohms. A matching stub is to be used to 
provide a match to the line. Both the 
length of the stub (Ls) and its distance 

s* 

from the load (Ld) are variable; find L s 

and Ld- (See fig. 11.) 

1. Normalize the load impedance 

Z L ' = (32 + j20)/50 = 0.64 + j0.4 

2. Locate this point on the chart and 
draw a line through it to the outer 
scale. The line crosses the "wave-
lengths toward generator" scale at the 
0.085 mark. 

3. Construct a constant-gamma circle 
through the impedance point, termi-
nating it at the unity resistance circle 
(point A in fig. 11B). 
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4. Draw a line through point A to the 
outer scale of the chart. This line 
crosses the "wavelengths toward gen-
erator" scale at 0.15. L j , the position 
of the matching stub, is the distance 
between the two lines on the "wave-
lengths toward generator" scale. 

L d = (0.15- 0.085) = 0.065 X 

5. To find the length of the stub, 
determine the amount of reactance 
necessary to match out the load. The 
required reactance is the difference 
between the reactance at point A and 
the reactance at the center of the 
chart. The reactance at point A is 
+j0.66; the reactance at the center of 
the chart is +j0. The required stub 
reactance is 

j 0 - j0.66 = j0.66 

6. Locate the reactance — j0.66 on the 
rim of the chart (point B, fig. 11C). 
Determine the distance between the 
short-circuit point and the required 
reactance (point B) along the "wave-
lengths toward generator" scale. Ls = 
0.408 wavelength. 

This matching technique can be used 
on the high frequencies as well asvhf. On 
15 meters for example (21.3 MHz), using 
50-ohm coax, a 158-inch stub would be 
placed 25 inches from the load. On 432 
MHz a 7.82-inch stub would be placed 
1.24 inches from the load. 

lossy lines 
All the examples shown so far have 

assumed no attenuation in the trans-
mission line. Since all lines have some 
loss, this must be considered to find the 
actual case. However, at many amateur 
frequencies loss is low enough to be 
neglected. Nevertheless, at 144 MHz and 
above, line loss should be considered 
when using the Smith chart. 

Attenuation along a uniform trans-
mission line causes the impedance point 
to spiral inward toward the center of the 
chart when moving toward the generator; 

when moving toward the load the 
impedance point spirals outward toward 
the rim of the chart. The rate at which 
the spiral approaches the center (or the 
rim) depends upon the attenuation as 
well as the starting point. Impedance 
points near the rim are affected more per 
dB of attenuation than points near the 
center. 

The attenuation effect is easily deter-
mined with the scale at the bottom of the 
Smith chart labeled "transmission loss, 
1-dB steps." Since the initial point on this 
scale must apply to any point on the 
chart, it is laid out without numerical 
calibration. The opposite attenuation 
effects of moving toward the load as 
opposed to moving toward the generator 
are indicated by arrows on the scale 
which show the proper direction to move 
the corrected impedance point. Thus, to 
determine the effect of 2-dB attenuation, 
simply mark off two 1-dB intervals in the 
proper direction along the scale from the 
initial starting point before reading the 
actual impedance coordinates. 

example 8. Impedance transformation 
through a lossy line. 

A 50-ohm transmission line 24 centi-
meters long is terminated with 10 - j10 
ohms. What is the input impedance to the 
line at 250 MHz if the attenuation of the 
line is 2 dB? (See fig. 12.) 

1. Normalize the load impedance 

ZL' = ( 10 - j10)/50 = 0 .2 - j0.2 

2. Find the electrical length of the line at 250 MHz. 

_ 300 x 108 

250 x 10b ~ 1 2 0 c m 

The electrical length of the line is 

, 24cm > 
0 = 360 (-

120cm 
) = 72° = 0.2 wavelength 

3. Plot the impedance from step 1 on 
the chart and draw a line through this 
point to the outer scale. 
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4. Draw another line from the chart 
center to the outer scale at a point 0.2 
wavelength clockwise (toward the 
generator) from the line passing 
through Zi_'. Swing an arc through Z L ' 
to this line. The intersection point 
denotes Zj, = 0.71 + j1.52 ohms. This 
is the normalized solution for the 
lossless case. The rf energy from the 
generator is attenuated 2.0 dB on 
reaching Z|_, and the voltage reflection 
coefficient is 2.0 dB lower than the 
lossless case. 

f i g . 12. Impedance transformation 
through a lossy transmission line (ex-
ample 8). 

5. The reflection coefficient (p0) for 
the lossless case is 0.68 (found on the 
scale at the bottom of the chart). The 
actual reflection coefficient (pi) is2.0 
dB below p 0 . Since 2.0 dB represents 
0.794 voltage ratio, the actual co-
efficient of reflection may be cal-
culated by multiplying the lossless 
coefficient of reflection by this ratio 

0.794po = 0.794 (0.68) = 0.54 

6. Swing an arc equal to the ratio 
P i = 0.54 so it intersects the line 
drawn through Zj'; the radius of this 

arc can be found on the "voltage 
reflection coefficient" scale on the 
bottom of the chart. The normalized 
impedance for the lossy case is 
0.97 = j 1.25. The actual input im-
pedance is 

Zj = 50 (0.97 + j125) = 48.5 + j62.5 ohms 

slotted lines 
At frequencies above 300 MHz con-

ventional impedance-measuring instru-
ments give way to the slotted line. A 
slotted line is essentially a section of 
transmission line with a small opening so 
you can use a probe to measure the 
voltage along the line. Vswr is easy to 
determine with the slotted line since it's 
the ratio of the maximum voltage along 
the line to the minimum. With the known 
vswr and position of the first voltage 
minimum, it's easy to find the impedance 
of the load with the Smith chart. 

example 9. Calculate the load impedance 
from the vswr and position of the first 
voltage minimum. 

A 50-ohm transmission line has a vswr 
of 2.5; the first voltage minimum is 0.1 
wavelength from the load. What is the 
impedance of the load? (See fig. 13.) 

1. Draw a radial line from the center 
of the chart through the 0.1 wave-
length mark on the "wavelengths 
toward load" scale. 

2. Find the 2.5 point on the axis of 
reals and draw a constant-gamma cir-
cuit through this point to intersect 
with the 0.1-wavelength line. 

3. Read the coordinates of this inter-
section to obtain the normalized impe-
dance of the load 

Z L ' = 0.56 — j0.57 

Z L = 50 (0.56 - j0.57) = 28 - j28.5 ohms 

If you use twinlead or open-wire feed-
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line this technique could be used to 
determine the impedance of your an-
tenna. However, the voltage probe must 
be held a uniform distance away from the 
line for all measurements, and must not 
be so close that it disturbs the electric 
field around the conductors. 

expanded smith charts 
The more closely an antenna is 

matched to a transmission line, the closer 
the impedance points are to the center of 
the Smith chart. In a well-designed 
system the impedance points may be so 
close to the center of the chart that it's 
difficult to work with them. When this 
happens it's best to use an expanded 
Smith chart. Two versions are commonly 
available: one with a maximum swr of 
1.59, the other with a maximum swr of 
1.12. 

The use of the expanded Smith chart 
is shown in fig. 14. In fig. 14A the 
impedance plot of a well-matched 
10-meter beam over the low end of the 
phone band falls very close to the center 
of the chart. When these same impedance 
points are plotted on the expanded Smith 
chart in fig. 14B they are much easier to 
read and work with. 

fig. 14. Use of the expanded Smith chart. Impedance points in A are too close together; expanded 
chart in B is easier to work with. 

POSITION OF FUST 
vaj*tx mmmju 

Za' 50 OHMS swr ' es 

-o.i x • 

fig. 13. Using the Smith chart to f ind load 
impedance from vswr and position of the first 
voltage minimum on a slotted line (example 9). 
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where to buy them 
Smith charts can usually be purchased 

at college bookstores in small quantities, 
or in larger quantities from Analog Instru-
ments Company or General Radio.* If 
you buy directly from the manufacturer 
the minimum quantity is a little large so 
it might be a good idea to get your club 
to sponsor the purchase. 

Another solution is the Smith-chart 
rubber stamp shown in the photo. This 
stamp is 10 cm (about 4 inches) in 
diameter and presents an adequately de-
tailed grid structure for most engineering 
problems. The rubber surface of these 
stamps is cast from metal dies, and is 
dimensionally compensated for rocker-
mount ellipticity and shrinkage. The 

capacity is well over a million impressions 
so you should never be able to wear it 
out. The stamps are available in stand-
ard (vswr = or expanded form 
(vswr=1.59 or 1.12) from the Analog 

fig. 15. Smith chart calculator provides 
rapid answers to complex impedance 
problems. 

/ 
Smith chart rubber stamp is 10 cm in diameter. 

Instruments Company. Cost is $14.75 
each. 

If you don't need a permanent record 
of your Smith chart calculations, the 
calculator shown in fig. 15 provides rapid 
answers to complex impedance problems. 
This calculator is constructed from two 
laminated plastic discs and a radial arm 
pivoted at the center with a sliding 
cursor. A circular slide rule is provided on 
the reverse side. Complete instructions 
are furnished. Priced at $3.00 from 
Amphenol RF Division, 33 E. Franklin 
Street, Danbury, Connecticut 06810; ask 
for the Amphenol RF Calculator. 

'Smith charts from Analog Instruments come 
in packages of 100 sheets, $4.75 the package. 
For standard charts order 82-BSPR; expanded 
charts (maximum swr = 1.59), order 82-SPR; 
highly expanded (maximum swr = 1.13), order 
82-ASPR. Analog Instruments Company, Post 
Office Box 808, New Providence, New Jersey 
07974 
Smith charts from General Radio are available 
in pads of 50 sheets, $2.00 per pad. For 
standard charts, normalized coordinates, order 
5 3 0 1 - 7 5 6 0 ; 5 0 - o h m coordinates, order 
5301-7569; normalized, expanded coordinates, 
order 5301-7561. General Radio, West Con-
cord, Massachusetts 01781. 

references 
1. Henry S. Keen, W2CTK, "A Simple Bridge 
for Antenna Measurements," ham radio, Sep-
tember, 1970, p. 34. 
2. Phillip H. Smith, "Transmission Line Cal-
culator," Electronics, January, 1939, pp. 29-31; 
and "An Improved Transmission Line Calcula-
tor," Electronics, January, 1944, pp. 130-133 
and 318-325. 
3. Phillip H. Smith, "Electronic Applications of 
the Smith Chart in Waveguide, Circuit and 
Component Analysis," McGraw-Hill, New 
York, 1969. 
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injection laser 
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In an earlier article I described my experi-
ments with light-emitting diodes oper-
ating in the near infrared.1 Pulsed power 
supplies, photodetectors, and optical en-
hancement devices were also discussed. 
These early experiments were a first 
approach toward understanding the more 
sophisticated injection laser for use in a 
communications link. 

This article describes the results of my 
work with injection lasers and related 
devices. I hope it will provide an incentive 
for further experimentation by amateurs 
who are interested in exploring new 
frontiers in electronics. 

pulsed-light devices 
After almost a year of research, I 

learned that injection lasers were in their 
infancy—much like the bipolar transistors 
of 20 years ago. On the development 
market a 2-watt (peak) injection laser 
costs $36-350. RCA's TA-2628 gallium 
arsenide injection laser (3 watts peak) is 
listed in their Fall 1969 pricing sheet.* It 

'The TA-2628 is "inventory limited" according 
to information obtained from an RCA field 
office. Their May 15, 1970 listing shows 166 
pieces in stock at $36.25. Their recommended 
replacement is TA-7606; same price, editor 
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Injection laser/pulser power supply. 
Sample 4 of R C A ' s developmental 
T A - 7 5 3 5 is used. Total power output is 
1W minimum. 
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is recommended as the least-expensive 
injection laser diode for experimental 
work. Also recommended is the pulsed 
power-supply circuit included in the T A -
2628 data sheet. 

As mentioned in my previous article, 
the limiting element in an L E D communi-
cations system is the detector. This is 
equally true for systems using injection 
lasers. Although other photodetectors are 
mentioned as substitutes and replace-

shown in table 1. Transmitting optics 
must be used in all cases. Further range 
enhancement would require an S1 photo-
multiplier with a filter and huge fresnel 
optics. Average power is 1 0 - 3 to 5 x 
1 0 " 3 of the peak values shown in the 
table. 

M y PIN-10 detector was operated in 
the back-biased photoconductive mode. 
With a special network, it can be used as a 
photovoltaic detector. I will be happy to 

fig. 1. A 30-ampere (peak) pulsed power supply for the RCA TA-2628 injection laser. This circuit is 
recommended for experimental cut-and-try work. (Courtesy RCA.) 

ments in the following circuits, the type 
PIN-10 broad-area Schottky photodiode, 
made by United Detector Technology,* is 
the recommended device for serious 
work. This is the detector with which I 
achieved a communication range of more 
than 1000 feet with my experimental 
injection laser equipment. I found that it 
was impossible to detect ambient non-
coherent light sources with the PIN-10, so 
you won 't have to worry about street 
lights overloading the detector. 

laser ranging 
For amateur work, cw or keyed pulse 

(like A 2 emission) is the best modulation 
method for use with injection lasers. I 
expect to see a 2-mile range in as many 
years using a 10-watt-peak injection laser 
at 9000 angstroms. Estimated keyed-
pulse communication ranges at the pres-
ent time, based on my research, are 

•Uni ted Detector Technology, 1732 21 St,. 
Santa Monica Calif. 90404. 

furnish this information to serious experi-
menters upon receipt of a self-addressed 
stamped envelope. 

T r u e photoconduct ive operation 
should not be confused with majority-
carrier photoresistive detectors, such as 
the cadmium selenide cells. These devides 
are sluggish performers when used with 
pulsed light at pulse repetition rates 
above 500 Hz. Their only advantage is 
high sensitivity, which is a worthwhile 
tradeoff in certain applications. 

detector parameters 
A handy aid for determining the oper-

ating characteristics of a silicon photo-
diode is the "Silicon Photo Detector 
Calculator" made by UDT . This is a 
plastic slide-rule-type device similar to 
reactance calculators and the like. It 
allows one to design a thermal-agitation, 
noise-limited, back-biased network for a 
specific application. The U D T calculator 
was indispensable for this project. 
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sample calculation 
The PIN-10 has the 

meters: 
following para-

dark current 5 x 1 0 — 7 A 
junction capacitance 100 pF 
responsivity 5 0 0 m A / W 
minimum load resistance 5k ohms {Johnson-

noise l imited) 

Using the calculator, we find: 

rise and decay time 
half-power cutoff freq. 
noise equivalent power 

1.1 Usee 
300 kHz 
3.6 MW (detector 
shot noise) 

My goal was to make the noise equiva-
lent power (nep) of the 5k load equal to 
the shot noise of the biased detector. The 
actual nep is only 1.4 x 10~1 3 watt with 
the 5k load resistor. To reconcile the 
difference, it's necessary to increase the 
value of the load resistor until a true 
noise match occurs. In this case, I used 
500k. This match exists between the 
resistor shot noise and the detector shot 
noise. (Resistor noise is of the shot type 

when using a load resistor higher than 
50k.) 

The remaining problem is to determine 
the frequency response based on the 
loads. With a 500k load and a 100 pF 
junction capacitance, the half-power-
point cutoff frequency is only 3 kHz. 
This is too low for applications with a prf 
of 500 Hz, because frequencies up to 5 
kHz must be passed to retain the proper 
laser pulse shape. By using the lower scale 
of the calculator, it is found that 330k 
instead of 500k is the proper load resis-
tance for photoconductive operation of 

table 1. Estimated ranges for injection laser 
systems. 

GaAs laser power b a r e P I N - 1 0 PEM detector* 
detector 

(watts peak) (miles) (miles) 

2 
20 
200 
2 K 

1 
3.2 

6 
19.2 
60 
192 

'Deve loped by Santa Barbara Research Center 
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table 2. Summary of injection laser data from manufacturers' sheets. 

device peak peak threshold forward pulse rep duty 
type power reverse current current width rate cycle 

(watts) voltage (amps) (amps) (nsec) (Hz) (%) 
(volte) 

TA-2628* 3 3 12 30 200 20x1O3 0.02 
TA-7535 2 2 4 10 200 S x l O 3 0.1 
L D 2 0 5 array 100 60 25 75 200 500 — 

wavelength 
( A ° ) 

9050 
9050 
9000 

Notes: 1. Maximum values at 25° C 
2. Peak reverse voltage should not be exceeded 

* replaced by TA-7606;same operating characteristic. 

the PlN-10. 
For photoresistive applications, such 

as shown in fig. 4, it's permissible to use a 
33k load resistor. However, it should be 
borne in mind that a bipolar emitter-
follower is used here, not an fet. If you'd 
like to experiment with a 50k low-noise 
carbon-film load resistor, you'll find that 
a Johnson/shot-noise match will occur 
with this input circuit. Back bias should 
be the same as shown (i.e., 10—15V). 

I am now operating my PIN-10 with 
about 50V back bias into a 330k load 
resistor. The circuit is coupled to an 
MPF-107 jfet operating as a source fol-
lower. I've had excellent results with this 
circuit. A shot-noise match of both load 
resistor and the PIN-10 occurs at 5 kHz. 

radiation safety 
Much has appeared in the press about 

the dangers of radiation from lasers. 
While it's true that a high-power pulsed 
ruby rod or glass laser presents a health 
hazard, this is not true of the low-power 
injection devices described in this article. 
Looking directly into the sun is much 
more dangerous than looking into an 
injection laser, even at what might be 
considered traumatic levels of 10 mW 
average power through collimating optics. 
Authorities on the subject have indicated 
that external average radiation levels of 
the order of 10 mW from a pulsed ruby 
rod are used for surgical work. An upper 
limit for such use is 2 W average power-
not the 1—5 mW used with the injection 
lasers described here. So there's no reason 
for apprehension about radiation danger 
with the circuits shown. 

pulsed power supplies 
The pulsed power supply shown in fig. 

1 is based on the circuit in the RCA data 
sheet for the TA2628 GaAs injection 
laser. It evolved from long-distance phone 
conversations and much correspondence 
with RCA. I call it the "RCA Classic 
Pulser." It's the only reliable pulser suit-
able for extensive experimental work 
involving "cut, try, and innovate" de-
signs. 

The circuit is limited by the rise and 
fall times of the 1N5411 diac rather than 

300W (peak) laser array pulser. This is the 
highest-powered laser-array pulser suitable for 
amateur work. Unit uses type LD-205, 
LD-205S, or TA-7692 array diodes. TA-7689 
can be used with about 300V. 
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scr switching frequency. The 2N3528 scr 
has a TO-66 case, which is handy for 
cut-and-try techniques. 

The 1N4004 diodes protect the laser 
and the scr. The 1-meg resistor in the diac 
circuit is preferable when using battery 
power, because the 2.2-meg resistor in the 
RCA data-sheet circuit for the TA-2628 

resulted in no oscillation. Another re-
placement for the TA-2628 is the TA-
7535, which I am now using. (See table 
2.) 

The circuit of fig. 2 is a pulser for a 
laser array such as the RCA TA-7689 or 
Laser Diode Laboratories' type LD-205.* 
The circuit can also be used to drive an 

fig. 3. One- or ten-kHz 
oscillator that can be fre-
quency modulated for 
voice w o r k . Typical 
t u r n - o n and turn-off 
times of the 1N3829 are 
20 and 4 0 nsec. (Cour-
tesy RCA.) 

LOTM TO ITHI 
REP RATE SWITCH 

IOOV 
MYLAR 

J9«/<* 
—O WV-

GE WE SSL-6 STC LAMP 
KCCULXTED 

NON COHERENT LED LIGHT 

IOOV 
MYLAR 

fW 
mm>KsisTivE cas 

FOUR LAYER DTOOE 
IH3S3B 

4COV 
MYLAR 

TO SCR GATE Of 
INJECTION • LASER 

PULSER 

400V 
MYLAR 

RN 
'BRIDGE SELECTED 

FOR S* OR BETTER 

Portable injection laser transmitter and de-
tcctor. The detector (top) is the same unit 
described in author's article in ham radio on 
LEO experiments using L14AS02 photodiodes, 
which are replaceable with MRD-500's for best 
results. 

RCA TA-7699 discrete injection-laser 
diode. The advantage of this circuit is 
that it provides a better match for an 
array load (up to 10 ohms impedance). If 
used with the TA-7699, the circuit will 
develop 3 to 5.5 times the necessary 
threshold current for low-impedance 
applications. 

The external trigger circuit, using the 
Allied ABA-3 module and Sprague 11Z12 
pulse transformer, allows random pulse 
trains to fire the scr. A possible applica-
tion would be optical radar ranging. 

Rise time of the scr is critical. Also, 
the winding sense of the transformer 
must be correct or nothing will happen. 
To-66 transistors were used, because they 
simplify the wiring (a must for short 
leads) and eliminate dependence on ter-
minal strips. 

•The source for RCA lasers is Solid-State 
Optical Engineering, RCA, U. S. Route 202, 
Somervi l le, N. J. 08876 . Best source lor laser 
pulsers and high-power arrays is Laser Diode 
Labs, 205 Forrest St . . Metuchin, N. J. 08840. 
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diode oscillator 
The circuit of fig. 3 is strictly for 

experimental use. It is straight from 
RCA's research labs and is not one of my 
innovations. I am presenting it to show 
the state of the art as of this writing. 

The UDT type PIN-10 broad-area detector, 
recommended for laser diode receivers. The 
receiving optics were discarded, because surface 
pickup is important rather than narrow-beam 
optical gain with these detectors. 

injection-laser communications systems. 
The PIN-10 has broad-area response. 
Aspheric condensing lenses were used at 
first to gather received laser light from an 
aperture in space. It soon became obvious 
that the optics weren't necessary because 
of the broad-area response of the PIN-10. 
A better detector is the UDT PIN-25; 
however its cost may be beyond the 
resources of the experimental researcher. 

A schematic of a bipolar laser detector 
is shown in fig. 4. This circuit was 
designed for CdSe cells, but will also 
work with so-called "exot ic" devices such 
as the PIN-10. The 33k load resistor is 
optimum for an array of three cells. With 
the larger p-i-n diodes such as the PIN-25, 
bias would be - 4 5 V and the load resistor 
would be 1 meg. If you use, say, —9V 
reverse bias on a PIN-10, a 180k low-
noise carbon-film resistor would make a 
satisfactory load. 

A broad-area detector for use with 
type MRD500 photodiodes was develop-
ed, based on the circuit shown in fig. 9 of 
my previous article1 on LED experi-
ments. This modified circuit uses 7-10 
MRD500s in an array that replaced the 

An ITT four-layer diode, the 1N3839 
($7.73), can be used for oscillator service 
at 1 and 10 kHz. This device (and 
probably the APD4C50, made by Ameri-
can Power Devices, Inc.) are the only 
superfast triggers with timing response of 
less than 50 nsec that will allow injec-
tion-laser pulsing at the prf up to 10 kHz. 
The cadmium selenide cell in parallel with 
the 1N3839 can be used for voice work 
by frequency modulating noncoherent 
light input. 

Before attempting to build and oper-
ate this circuit, I'd suggest that you write 
to me. I'l l be glad to answer questions on 
design based on my latest data. 

detectors 
As pointed out previously, the UDT 

PIN-10 is a must for serious work with 

The M3 Sniperscope, battery, and high-voltage 
power supply. Unit is essential for coilimating 
laser energy and boresighting. 
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L14A502 phototransistors in the LED 
detector. Interested readers may obtain a 
copy of this broad-area detector circuit 
by sending me a self-addressed stamped 
envelope. 

construction hints 
The photos show details for construct-

ing the circuits. Improvisation is used for 
mounting large components. For exam-
ple, the high-voltage dry cells were ce-
mented in place. I used Deltabond ther-
mal epoxy type 152 to mount the laser in 
an MX-1684/U coax termination, which 
had been drilled to 3/16-inch ID. 

Problems with cementing lenses were 
resolved by mounting, checking beam tilt, 
returning the unit to an epoxy disinte-
grating solution, and repeating the work 
until a satisfactory mount was obtained. 
Oven curing was used to save time. A Bud 
MS-3050 minislide box chassis holds the 

detector in ranging tests. This Sniper-
scope was purchased for $50 from a 
surplus source. It was barely in working 
order, and I had to rebuild it. (One source 
quoted $325 for a Sniperscope, so it pays 
to shop around!) 

The image tube in the Sniperscope is a 
type 6032. It has a peak-power conver-
sion/sensitivity loss of 30 dB when used 
with pulsed devices at 0.1-percent duty 
cycle; thus it will not respond to peak 
power. 

Since the instrument is basically an 
infrared telescope, it's difficult to use at 
distances greater than 100 meters or 
when the field of view is too narrow. 
About 450 feet is the practical limit from 
my experience. 

Despite its limitations, the Sniperscope 
is essential for initial setup and adjust-
ment of equipment before starting ex-
tended laser range tests. Instruments 

UOT 
PIN 10 

fig. 4. Bipolar laser detector. Circuit can be 
used with CdSe cells or the PIN-10 board-
area photodiode. With 3 type EM-1502 
CdSe cells mounted in a parabolic head, 
laser pulses were detected at 8 2 0 feet. 

VOUJME 

m 

works. Regular-sized terminal strips are 
preferable for mounting the larger 0.01 
and 0.005 /iF capacitors. Epoxy was used 
to mount the scr in the pulser chassis, 

col I imating optics 
The M3 Sniperscope shown in the 

photo is used to collimate the near field 
of the laser and for boresighting laser and 

using the 1P25 and British CV-148 tubes 
aren't recommended for this use. If any-
one knows of a surplus instrument using a 
6929 or 6914 image tube, I'd appreciate 
receiving the information. 

range tests 
A problem in testing this equipment is 

finding a clear, flat, unobstructed area. 
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Many amateurs have a general-coverage 
receiver as well as an amateur-band-only 
receiver or transceiver. This is a desirable 
item, filling in those in-between band 
spots for casual listening or for checking 
for out-of-band radiation. A weak point 
for most such receivers is that they're 
usually of a less expensive type and 
thereby lack the precise frequency read-
out you'd like to have. 

This lack of precise frequency calibra-
tion complicates the use of the more 
common type of calibrator. A 100-kHz 
calibrator can cause more confusion than 
it can resolve when dial calibration on a 
receiver is such that you can't identify 
which of the marker signals represents the 
desired reference signal. In such instances 
a 1-MHz spotting signal is much more 
convenient to use. Most often, too, 
1-MHz markers are sufficient for setting 
the bandset dial before using the cali-
brated bandspread dial. 

There are many circuits for low-
frequency crystals (100-200 kHz) and 
even more for the high-frequency spec-
trum. These circuits, unfortunately, don't 
always perform satisfactorily in the me-
dium-frequency range. 

This article describes a circuit especial-
ly adapted to a 1-MHz crystal. It oscil-
lates dependably and produces profuse 
harmonics to the upper limit of the 
high-frequency band. Best of all, it can be 
built with junk-box parts with no require-
ment to purchase some hard-to-find com-
ponent. 

construction 
As the schematic shows (fig. 1), this 

circuit borrows liberally from the Miller, 
Colpitts, and Pierce. The coil in the 
collector-to-emitter circuit suggests the 
Miller; the use of a capacitive voltage 
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divider in the collector-emitter-ground 
string is strongly reminiscent of the Col-
pitts; the crystal is placed between the 
collector and base, as in the Pierce. Which 
takes ascendancy, I don't know. But it 
oscillates with no hesitancy, and that's 
the reason why I selected it. 

At this frequency, the arrangement of 
components isn't critical. I used a small 
piece of perf board and mounted parts 
with no thought to short leads. The only 
item I mounted with care was the induc-
tor, which I placed away from and at 
right angles A to the rf choke coil. The 
transistor was straight out of the junk 
box; before hitting the junk box, it lived 
on a printed-circuit board native to some 

of the receiver) there's ample room to 
mount a miniature toggle switch under 
the headphone jack. This switch must be 
mounted for a back-and-forth movement 
{not up and down) to have sufficient 
clearance. This coincides nicely with the 
movement of the slide switches used 
elsewhere. 

Only the receiver's bottom plate needs 
to come off to permit mounting the 
switch and the oscillator board. There's 
plenty of room in the underside of the 
cabinet to mount the oscillator board. 
The chassis serves as the negative power 
lead, and the positive lead can be tapped 
off the bus at the main filter capacitor. 
As the set's voltage is a little higher than 

fig. 1. Schematic of the fre-
quency spotter. A 1-MHz 
crystal works best in this 
application. L 2 is BO turns 
no. 32 scramble wound on a 
W form. 

TV RECEIVER 
ANTENNA 

6 - IIV +6 

unidentified equipment. The resistors and 
capacitors also came from various print-
ed-circuit boards. The rf choke, I regret 
to say, seldom appears in present-day 
surplus offerings; I had to buy mine, a 
distinctly unpleasant transaction! The 
coil was a junk-box progeny, too. The 
Vi-inch form came from an old TV set, 
and the no. 32 wire was salvaged from an 
ancient electrodynamic speaker field coil. 
I doubt that the value of any component 
is critical; most likely, any nearly alike 
substitute would function equally well. 

installation notes 
The receiver in which I placed my 

calibrator is a Radio Shack offering, the 
DX-150. This receiver lends itself well to 
the addition of a frequency spotter. On 
its left-hand side (looking from the front 

that demanded by the spotter, I used a 
2000-ohm resistor in series with the 
positive power lead. This serves the dual 
purpose of dropping the voltage and 
insuring against zapping the receiver's 
power supply in case of a short circuit in 
the oscillator board. 

Whatever receiver you use, you'll no 
doubt find a ready means of mounting 
your frequency spotter. If your receiver 
uses vacuum tubes, don't overlook the 
ready source of transistor power available 
from the cathode end of the cathode-bias 
resistor in the audio power amplifier 
stage. It's well filtered and usually just 
about the voltage you're looking for. 

This is a pleasing little device. You'll 
enjoy building it, and you'll find it a 
much-used adjunct to your receiver. 

ham radio 
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radio 
using 

ssb transceivers 

The advantages 

of transceiver operation 

for RTTY 

can be realized 

by using 

audio-frequency-shift 

keying 

Many of us who work the hf ham bands 
are ssb transceiver operators. The pleasure 
of transceiver operation may spoil you, 
since your time is not consumed by 
making tuning adjustments. However, all 
is not perfect. Although transceivers are 
great for phone operation, and acceptable 
for cw operation, they can be used to 
transmit R T T Y only if unusually good 
engineering practices are employed. 

The FCC does not permit tone-modu-
lated am on the hf ham bands. Conse-
quently, fsk transmission must be accom-
plished by some carrier-shift technique. 
In the old days, when we all had transmit-
ters and receivers, R T T Y transmission 
was simple and easy. A "shift pot" circuit 
could be used to vary the transmitter vfo 

teletype 
frequency to encode R T T Y mark and 
space signals into fsk. Phase continuity of 
the fsk waveform resulted because the fsk 
switching signal usually had long rise and 
fall times (because of RC time constants) 
compared to the period of the vfo fre-
quency. Independent tuning of the re-
ceiver allowed the mark and space tone 
filters in the receiving converter to be 
tuned to convenient frequencies, within 
the receiver audio passband, as long as the 
two frequencies were separated by the 
proper deviation (850 Hz for wide shift 
and 170 Hz for narrow shift). 

ssb transceiver rtty 
With a single-sideband transceiver, 

RTTY operation is not so simple. Any 
vfo modification can affect the frequency 

o stability and degrade the performance of 
the transceiver on both R T T Y and ssb. In 

o addition, a more serious problem asso-
'x ciated with transceive operation must be 03 
S considered. That is, if the vfo frequency 
? is shifted when transmitting, but not 

Z when receiving, then retuning may be 
« required to receive an R T T Y station that 
ET returns your call on your transmit fre-
§ quency. This situation results in both 

stations "leapfrogging" up or down the 
^ band as each station retunes the other 
UJ during receive intervals. 
Z One rather undesirable method for 

eliminating leapfrogging is to operate the 
"jij transceiver with carrier insertion in the 
° transmit mode and in the upper-sideband 
jrj receive mode. The vfo frequency can be 

» shifted so that the transmitted carrier 
O frequency is shifted up 1.65 kHz for 

space and up 2.5 kHz for mark. The space 
3 carrier will then be transmitted on a 
o. frequency 850 Hz lower than the mark 
= carrier, in conformance with standard 
£ practice. 
X Under these conditions, if the vfo 
q frequency is not shifted at all in the 
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receive mode, the received tones will be 
1650 Hz (space) and 2500 Hz (mark) 
when the received station is zero beat 
with your transmit frequency. This meth-
od isn't very practical and not widely 
used because of the difficulty in adjusting 
the carrier shifts. The adjustments must 
be made when the transceiver is in the 
transmit mode (receive section disabled); 
therefore, proper adjustment requires a 
second receiver. 

Consequently, the ssb exciter must sup-
press the unwanted sideband and the 
primary carrier by at least 30 dB, and the 
exciter must operate with the primary 
carrier completely balanced out. With 30-
dB carrier suppression, a transceiver with 
500 watts of secondary carrier (fsk signal) 
will be transmitting only one-half watt of 
primary carrier. This is a safe value and 
won't alarm adjacent channel users or the 
FCC. 

afsk principles 
A far better technique for transmitting 

R T T Y with an ssb transceiver involves the 
use of audio frequency shift keying 
(afsk). A transceiver having good pri-
mary-carrier suppression can be operated 
in the ssb mode and modulated with an 
audio tone. If the primary carrier is 
adequately suppressed, a listener who 
tunes his receiver to such a signal hears 
only a pure carrier. This secondary carrier 
is displaced from the primary carrier by 
the audio frequency. 

Using this principle, 850-Hz carrier-
shift fsk can be transmitted with an ssb 
transceiver modulated by an audio tone 
shifted by 850 Hz to encode the mark 
and space information. If an ssb trans-
ceiver is operated in the usb mode and 
modulated with space and mark tones on 
1650 and 2500 Hz, the transmitted space 
carrier would be 850 Hz below the mark 
carrier, in conformance with standard 
practice. In the receive mode, 1650- and 
2500-Hz space and mark tones are re-
ceived from a zero-beat R T T Y station. 

This popular method is used by many 
hams because it takes advantage of trans-
ceive operation by tracking transmitted 
space and mark tones. System alignment 
is straightforward, and no transceiver 
modifications are required. Although this 
method is very attractive, good design 
practices must be observed to ensure a 
high-quality fsk signal. Problems that 
must be considered for this method to be 
used successfully are discussed next. 

sideband and carrier suppression 
The transmission of two carriers simul-

taneously is not permitted by the FCC. 
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fig. 1. Typical bandpass characteristic for a 
filter-type ssb (usb) exciter in the R T T Y mode. 
Primary carrier is represented by fp; secondary 
carriers of 1650 Hz (space) and 2500 Hz (mark) 
are shown by fs and fm. 

the audio signal 
Any noise accompanying the audio 

tones will be transmitted, resulting in a 
waste of power and causing adjacent-
channel interference, which is illegal. The 
signal-to-noise ratio of the audio-tone 
signal that modulates the transceiver 
should be at least 35 dB to ensure against 
transmitting appreciable noise. 

The audio tone waveforms should be 
high-quality sinusoids having less than 5% 
distortion. A nonsinusoidal waveform 
contains harmonic components of the 
fundamental frequency. For example if a 
nonsinusoidal 500-Hz tone modulated the 
transceiver, several undersirabie second-
ary carriers would be transmitted, which 
could have frequencies displaced from the 
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primary carrier by 500, 1000, 1500, 
2000, and 2500 Hz. 

The crystal- or mechanical-filter band-
pass characteristics in filter-type ssb trans-
ceivers would attenuate any secondary 
carrier displaced from the primary carrier 

Fig. 1 shows the relative position of 
the primary carrier, fp, and the secondary 
carriers, fs and f m , for space and mark 
tones of 1650 and 2500 Hz. These 
fundamental space and mark frequencies 
lie within the passband and are not 

fig. 2. Comparison of 
l ow - a n d high-fre-
q u e n c y afsk tones. 
Signal at B allows use 
of more selective fitters 
and provides a better 
leading edge of space or 
mark signal. 

LOW - FREQUENCY TONE 

Zi mt • 

—» SHORT RISE TIME 

Xiwv 
HIGH-FREQUENCr TONE 

frequency by more than 2.7 kHz. Multi-
ple secondary-carrier transmission is not 
allowed by the FCC, so a high-quality 
sinusoidal audio modulation waveform is 
required. 

mark and space tones 
The mark and space tone frequencies 

can be selected to compensate for devia-
tions from a pure sinusoidal audio wave-
form. Fig. 1 shows a typical crystal-filter 
bandpass characteristic of an ssb trans-
ceiver manufactured for ham use. Shown 

attenuated. However, the harmonics of 
the fundamental tones lie outside the 
passband and will be attenuated. Conse-
quently, the high-frequency-filter selec-
tivity skirt attenuates the secondary car-
riers produced by any existing harmonic 
content (distortion) of the audio tones. 

Fig. 1 also shows that by selecting 
1650-Hz space and 2500-Hz mark fre-
quencies, the second-harmonic space and 
mark secondary carriers, 2f s and 2 f m , are 
attenuated by 20 and 85 dB respectively. 
Although this technique can be used to 

PHASE DISCONTINUITY j - PHASE CONTINUITY 

5MZXZX2 
- SPACE -

o o 

fig. 3. Comparison of mark-to-space wave-form transitions. Phase continuity avoids adiacent-channei 
interference because impulse noise is greatly reduced. 

is the position of the primary carrier, fp, 
relative to the filter passband. With the 
primary carrier on the skirt of the filter 
selectivity curve, the crystal filter atten-
uates the primary carrier and provides 
more carrier suppression than can be 
obtained in the balanced modulator 
alone. The tone frequencies are chosen so 
that the associated secondary carriers will 
be near the high-frequency cutoff point, 
but within the flat-response region. 

compensate partially for audio tones 
having some harmonic content, every 
attempt should be made to generate pure 
sinusoidal modulation-tone waveforms. 

There is a second reason for choosing 
tone frequencies near the high-frequency 
skirt of the filter-selectivity curve. High 
tone frequencies are desirable so that 
more cycles of the tone can be contained 
within the 22-millisecond space and mark 
intervals. High tone frequencies allow the 
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use of more selective tone filters in the 
receiving converter. Also, a high tone 
frequency represents a shorter rise time, 
or a better leading edge, of the space or 
mark signal, as shown in fig. 2. 

phase continuity 
Finally, perhaps the most important 

consideration is the requirement for gen-
erating a continuous-phase afsk signal. 
The need for phase continuity is best 
emphasized by considering the effects of 
an afsk modulation waveform having 
phase discontinuities. Fig. 3 illustrates the 
difference between the two waveforms. 
The waveform with phase discontinuity 
results in {a) amplitude modulation of the 
fsk signal, and (b) impulse noise being 
generated and transmitted. 

The sharp switching transients have 
many frequency components, resulting in 
the transmission of a 3-kHz-wide noise 
spectrum. The transmitted noise band-
width is limited by the crystal or mechan-
ical filter frequency response. Because the 

transmitted power spectrum is shown in 
fig. 4. 

Fig. 5 shows an oscillogram of a 
d i scont inuous-phase afsk waveform 
having a switching frequency of 100 Hz. 
This switching frequency, which is some-
what faster than the 60-wpm teletype 
switching frequency of 22.8 Hz, was used 
for convenience. The waveform of fig. 5 
was used to modulate a Swan 500 ssb 
transceiver. The Swan 500 was intention-
ally adjusted for a 3600-kHz primary 
carrier suppression of only 30 dB, so that 
the low-power primary carrier could be 
used as a reference signal on the spectrum 
analyzer trace. Fig. 6 is an oscillogram of 
the spectrum analyzer display. {The blip 
on the leading edge at the extreme left of 
the trace was generated within the meas-
uring instrument and doesn't indicate a 
lack of lower-sideband suppression.) Fig. 
6 shows that the phase discontinuities in 
the modulation waveform contribute to 
unequal space and mark power distribu-
tions. Impulse noise, although present, 

fig. 4. Setup for measuring output-power spectrum of a transceiver modulated by a synchronous- and 
discontinuous-phase afsk oscillator. 

duty cycle of the switching transient is 
low, the transmitted noise power is much 
less than the secondary carrier power. 
However, this impulse noise does cause 
adjacent channel interference. 

measurements 
Comparison measurements were made 

to evaluate continuous- and discontin-
uous-phase afsk modulation waveforms. 
The experimental setup for measuring the 

can't be seen on a filter-envelope spec-
trum analyzer trace. 

Fig. 7 is an oscillogram of a synchro-
nous-phase afsk waveform, which was 
used to modulate the Swan 500. The 
resulting power spectrum, shown in fig. 8, 
illustrates the space and mark power 
distributions and the low harmonic gener-
ation that can be obtained by using a 
synchronous-phase afsk oscillator. A com-
parison of figs. 5 and 6 with figs. 7 and 8 
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Space Tone 
Mark Tone 
Switching Freq 
Vertical 

1650 Hz 
2500 Hz 

100 Hz 
dB 

fig. 5. Afsk waveform containing phase discon-
tinuites at mark-to-space and space-to-mark 
transitions. 

Horizontal 
fp = 3600 kHz 
fs = fp + 1650 Hz 
fm = fp + 2500 Hz 

fig. 7. Synchronous-phase afsk waveform. 

kHz 

emphasizes the improvement in RTTY 
signal quality that can be obtained by 
using synchronous-phase afsk modula-
tion. 

phase-continuity modulation waveforms 
will minimize adjacent-channel inter-
ference and result in a better contact 
record by improving the printer copy at 

Space Tone 1650 Hz 
Mark Tone 2500 Hz 
Switching Freq 100 Hz 

fig. 6. Spectrum-analyzer display of power 
spectrum from an usb exciter modulated by a 
discontinuous-phase afsk signal. 

Vertical 
Horizontal 

10mV/div 
2ms/div 

fig. 8. Power spectrum from an usb exciter 
modulated by a synchronous-phase afsk signal. 

summary 
Properly selected audio-tone frequen-

cies and synchronous-phase afsk modula-
tion can be used to generate high-quality 
pseudo-carrier-shift RTTY signals with 
ssb exciters or transceivers. Perfect-

the other end of the radio circuit. These 
improved RTTY transmission techniques 
will also eliminate FCC citations. 

A practical synchronous-phase afsk 
oscillator using an inexpensive IC flip-
flop wil l be described in a future article. 

ham radio 

42 PJ november 1970 



auxiliary 

receiver 
for 

160 meters 

Easy and 

inexpensive 

conversion of 

an auto radio 

for emergency 

or standby service 
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If you have an idle broadcast-band auto 
radio lying around, why not put it to 
work as an emergency or standby receiver 
for 160 meters? It can be converted 
quickly with a minimum outlay for parts. 
For a-m reception, all you need are an 
oscillator coil and a couple of inexpensive 
adjustable rf chokes. With a few more 
components you can add circuits for cw 
and ssb. 

basic conversion circuit 
The basic conversion consists of re-

ducing the front-end coil inductances 
with shunt coils so the receiver will cover 
1.8 to 2 MHz {fig. 1). If the alignment 
instructions are followed, this conversion 
method will result in much better per-
formance than if the receiver were merely 
misaligned to cover part of the band. 

To prepare the receiver for conversion, 
first check its performance "as is." The 
receiver can be tested on the bench using 
an ac power supply after removing the 
vibrator. Check alignment and make any 
required repairs. When you're satisfied 
the receiver is performing as it should, 
replace the vibrator transformer with a 
60-Hz unit of the proper rating. 
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Next install the rf coils and connect 
them directly to the tuner coil terminals. 
The auxiliary coils are designed for sin-
gle-hole mounting and can be installed 
anywhere as long as you have access to 
the slugs. The only precaution is to 
isolate the antenna coil from the rf stage, 
or the latter will oscillate. I solved this 
problem by mounting the antenna coil on 
the opposite side of the chassis from the 
rf and oscillator coils. 

sponse (dial should be set to about 
900 kHz). 

6. Repeat steps 3, 4, and 5. 

The oscillator-coil slug is adjusted until 
you hear the oscillator signal in another 
receiver or frequency meter. Lacking this 
equipment, the oscillator frequency can 
be adjusted by injecting an 1800-kHz 
signal into the converter grid. This is 
easily done by tuning a be transistor radio 

V „ 

L I Adjustable BC band oscillator coil, 
approx. 190-360 MH (J. W. Miller 
71-OSC) 

L2 50-140 MH (J. W. Miller 4207 ) 

L3 10-25 MM (J. W. Miller 420$ ) 

fig. 1. Basic conversion for 160-meter »-m reception on a bc-band auto radio. Front-end tuned 
circuits are shunted with outboard coils to lower inductance. Miller 4205 coil can be adjusted for 
either 455- or 262-kHz i-f. 

alignment 
The easiest way to align the receiver is 

as follows: 

1. Set receiver dial to 600 kHz. 

2. Adjust oscillator coil to: 
a. 2062 kHz (receiver i-f = 262 
kHz). 
b. 2255 kHz (receiver i-f = 455 
kHz). 

3. Adjust rf and antenna coil slugs for 
maximum response to an 1800-kHz 
signal. 

4. Set signal source to 2000 kHz. 

5. Tune in signal on receiver and 
adjust trimmers for maximum re-

to 1340 or 1350 kHz and picking up the 
oscillator radiation as an 1800-kHz signal. 
For an approximate 2000-kHz signal 
source (step 4 above), you can tune the 
transistor radio to 1540 or 1550 kHz and 
pick up its mixer signal. Final retouching 
adjustment of the antenna trimmer with 
the antenna connected should provide 
good tracking over the band. 

cw and ssb reception 
It will be necessary to add a bfo and 

manual rf gain control for cw and ssb 
reception (fig. 2). The bfo is powered by 
the output-tube cathode resistor as 
shown. A convenient way to mount the 
gain control and bfo switch is on the 
speaker cover of the set. All leads to these 
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433 tMt 

ADJUST m FOR -rnv 
AT POINT A 

AUDIO OUTRJT 
STAGE 

DC TO BFO 
INPUT 

i 

• 6 TO 9VBC 
FROM CATHODE OF 

OUTPUT TUBE 
'shunt mm zsapr 

FOR 262kHl l-F 

fig. 2. Additional circuits for cw and ssb. Manual rf gain control is shown in A; B and C show bfo and 
mode switch. The 455 kHz i-f transformer is a miniature transistor type such as the J. W. Miller 
2042. Transistor in B is a small-signal pnp type. 

circuits carry only dc, so make them long 
enough so the receiver can be easily 
serv iced. 

Note that the bfo switch also disables 
the receiver age when the bfo is on. For 
cw or ssb reception back o f f the rf gain, 
set audio gain near maximum, and turn 
on the bfo switch. This may not be the 
most elegant way to receive ssb; but 
considering its simplici ty and low cost, 
it 's adequate for this type of receiver. 

Almost any small-signal pnp transistor 
wi l l oscillate in the bfo circuit. For my 
conversion, the i-f transformer and tran-
sistor were l i f ted f rom a defunct transis-
tor radio. If the thing won ' t oscillate, t ry 
reversing the i-f transformer secondary 
leads. If this doesn't work, t ry another 
transistor. 

bfo adjustment 
Before permanently wir ing the bfo to 

the switch, turn on the bfo with receiver 
age activated. Adjust the bfo tuning slug 
for maximum age voltage. This centers 
the bfo in the i-f passband. No bfo 
adjustment control is provided, because 

the i-f in these old receivers is so broad 
that final pitch adjustment can be made 
wi th the tuning dial. 

For proper injection, the bfo output is 
coupled to the diode detector through a 
shielded gimmick. The coupling should be 
adjusted so that the age voltage increases 
by about 0.3 vol t when the bfo is turned 
on. Excessive coupling wi l l overload the 
detector and may cause motorboat ing 
when the audio gain is turned all the way 
up. 

The bfo components can be mounted 
on a 1- by 2-inch perforated board. The 
transistor, R1, and C1 are mounted on 
the left side of the transformer, and C2, 
and R2 are mounted on the right side. The 
output lead shield should be grounded at 
the bfo board. This wi l l ensure against 
bfo radiation being picked up by the i-f 
stage, which causes noise. 

This conversion admittedly uses none 
of the latest sophisticated techniques for 
superb cw and ssb reception, but i t does 
provide a good emergency or standby 
receiver for minimum ef for t and cost. 

ham radio 
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a counter 

gating 
source 

The power-line 

frequency 

makes an 

accurate time base 

for many 

counter applications 
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Several articles on simple frequency 
counters have suggested using the 60-Hz 
line frequency as a gating source. One 
commercially built unit uses it, claiming 
0.02-percent accuracy compared with the 
±1-count accuracy of a temperature-
controlled crystal source. 

The ± 1-count accuracy is desirable for 
the A R R L frequency-measuring tests, or 
when a calibrator is desired for 10, 5, or 
even 2.5-kHz markers. For other applica-
tions, such as a digital counter dial for a 
transmitter or receiver, the error resulting 
from using the 60-Hz line frequency 
shouldn't appreciably affect the final 
tenth-kHz digit in the readout. Therefore, 
the idea of the resulting simplification in 
equipment is intriguing. 

Jim Fisk once pointed out that the 
power-line frequency may follow differ-
ent patterns in different locations. How-
ever, power networks in most parts of the 
country are quite large, and sophisticated 
frequency regulators are used. Electric 
clocks, for example, are quite accurate 
when driven by power sources in most 
cities. With this in mind, I decided to get 
a little first-hand experience with the 
problem. 

60-Hz time base 
It is possible to count line frequency 

in several ways with considerable accu-
racy. I decided to use the 60-Hz line 
frequency as a time base to count the 

x 
o 
CD 
< 

<0 

c 
o 
o 

ULI 

fig. 1. Test circuit using a Fairchild 9093 
JK flip-flop as a divide-toy-three counter 
to measure 60-Hz line frequency. 
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100-kHz output from a temperature-
controlled frequency standard.1-2 The 
result would be the accuracy of the 
power-supply time base expressed as a 
percentage carried out to three decimal 
places. 

test equipment 
I fed 0.5 volt at 60 Hz into a Fairchild 

9093 JK flip-flop connected in a divide-
by-three circuit (fig. 1). No Schmitt 
trigger or other wave-shaping circuit was 
used. The counter correctly measured the 
60-Hz line frequency about 80 percent of 
the time. During the other 20 percent of 
the time, one extra count appeared in the 
output. This is better performance than 
that specified for most counters using a 
Schmitt trigger or other wave shaper. The 
variation affects the units decade only. 

The counter's 20-kHz output was then 
fed into part of the time-base board using 
only a divide-by-two flip-flop and one 
decade, producing 1-Hz, which operated 
the gate.2 The 100-kHz calibrator crystal 
output was then counted. The result was 
in five or six digits, which can be taken as 
a percentage of the 60-Hz line frequency. 

measurements 
The results of two measurement runs 

are plotted in fig. 2. Run 1 contains the 
only cases of successive identical data 
(the four points at 100.001). Considering 
all the data, the final digit may be 
correct, or it may be one count high. This 
performance is inferior for A R R L fre-
quency-measuring tests up to 14 MHz 
where the maximum error is ±1 Hz with 
the crystal generating the time base; 

ooao OO.OOS DOOOO 99990 99990 99983 
IV TO TO W W W 

100006 lOOOO 99.996 999W 99.996 99961 

PERCENT EXCURSION FROM 60000HZ 

fig. 3. Histogram of measurement devia-
tions from nominal 60-Hz line fre-
quency. 

fig. 2. Scatter plot of results from two con-
secutive tests using 60-Hz line frequency as a 
gating source for a precision counter. Measure-
ments were taken about two seconds apart. 
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99990 
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however, the results were better than the 
0.02-percent accuracy expected. 

Examination of the data shows a 
count ranging from 0.018 percent low to 
0.010.percent high (corresponding to 
points at 99.982 and 100.010, respective-
ly, in fig- 2). The exact number may be 
anywhere within this range, since the data 
are essentially random. 

The number of measurements falling 
within 0.005 percent from 60.0(H) Hz is 
shown in fig. 3. This suggests a bimodal 
distribution about the central value of 
60.000 Hz. 
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V 

voltage regulation-
circa 1970 

A new unitized 
power supply 

using 
the CA-3055 a 

CM 

integrated circuit s 

1X1 

One of the most useful solid-state devices 
appearing on today's market is the inte-
grated circuit designed for voltage-regula-
tor service. Whereas a score of discrete 
components formerly were required to 
obtain a fraction of a volt of regulation, 
one small device now provides a ten-fold 
improvement. 

A good regulated power supply is 
essential for experimenting wi th solid-
state circuits. If you have yet to experi-
ence the advantages of solid-state tech-
nology, this article is for you. The circuits 
are extremely simple to build, and the 
experience gained will be helpful if you 
want to explore further in this area. 
Recommended reading on solid-state 
power supplies is an article by Hank 
Olson, W 6 G X N . 1 
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approach for two practical power sup-
the IC regulator plies: one that will regulate load currents 

The heart of this modern unitized up to 100 mA, and a second supply that 
power supply is RCA's new monolithic will handle even higher load currents. 

UNREGULATED CURRENT 
INPUT <Vm •) BOOSTER COMPENSATION 

fig. 1. Block diagram of circuit elements In the RCA CA-3055 voltage regulator IC. 

IC, the CA-3055 voltage regulator. Pack-
aged in a T0-5 transistor case, the CA-
3055 is less than a half-inch in diameter. 
It has eight leads that can be soldered 
directly into the circuit or to the termi-
nals of a socket, such as the Cinch-Jones 
8-ICS. 

The regulator functions are shown in 
fig. 1. Also given are terminal designa-
tions for temperature-compensated refer-
ence voltage, booster input, frequency 
compensation, and short-circuit protec-
tion. The super-small construction allows 
over two-dozen components to be con-
tained on a single silicon chip. Included 
are fifteen transistors, seven diodes, and 
four resistors.2 

unitized approach 
An advanced design such as the CA-

3055 deserves some ingenuity in its appli-
cation. Therefore, I've included a new 

Here are the principal features of the 
unitized approach in regulated power-
supply design: 

CA-3055 integrated circuit. 
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table 1. Output voltages using the CA3055, 
with input ac voltages supplied by various 
filament transformers. 

input voltage 
(Vac) 

6.3 
12.6 
25.2 

regulated output 
(Vdc) 

minimum 

1.75 
2.15 
2.50 

maximum 

4.25 
10.0 
18.0 

1. Single mounting hole. This makes 
it easy to mount the power supply on 
the apron of an existing chassis, for 
example, or on the front panel of new 
equipment. 

2. No chassis. Sheet-metal work is 
reduced to a minimum. All you need is 
a 3/32-inch-thick piece of aluminum, 
which is easily formed into a mounting 
bracket that serves as a circuit-board 
support and heat sink for the external 
pass transistor used in the high-current 
supply. 

3. Voltage control. A small poten-
tiometer may be included for propor-
tional voltage adjustment—a desired 
refinement for many transistor cir-
cuits. 

4. Fixed voltage. By selecting two 
fixed resistors in place of the potentio-

meter (and fixed resistors), discrete 
voltages are available. These may be 
switched or otherwise programmed for 
specific applications. 

5, Bench supply. Add a voltmeter, 
milliameter, and an on-off switch, and 

eo 

i 
v> 
5 

g 

252 VAC 

12.6 VAC-

S 6.3 VAC 

0 es SO 75 to 
LOAD CURRENT (MA) 

fig. 3. Useful ranges of the 100-mA 
unitized supply for three input voltages. 

a first-class bench power supply is 
ready to go. 

practical supply for 100 mA 
The CA-3055 can deliver output cur-

rents up to 100 mA without the use of 
external pass transistors. The IC's internal 

fig. 2. Schematic of the 100-mA unitized power supply. Output ranges for three standard ac inputs 
are given in table 1. 

UMBO 
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series-pass amplifier handles this current. 
The only components needed other than 
the IC are the power source, rectifiers. 

depend on your output-voltage require-
ments. Typical operating ranges of regu-
lated dc output voltages for various fila-

UHRtM 

fig. 4. High-current supply. Load currents up to several amperes are possible. 

ment-transformer secondary voltages are 
given in table 1. A plot of the supply's 
regulation characteristics for various in-
put voltages is shown in fig. 3. 

a high-current supply 
The CA-3055 can also be used with a 

suitable external series-pass transistor to 
provide voltage regulation at loads greater 
than 100 mA. A typical circuit is shown 
in fig. 4. The 2N5496 transistor may be 
used with load currents up to several 
amperes in this circuit, provided the 
transistor is heat-sinked to the panel, as 
shown in the photo. Resistors R1 and R2 
are selected for the required output volt-
age (table 2). If a continuously variable 
output voltage is desired the potentio-
meter control, as shown in the 100-mA 
supply, can be used. 

construction 
All discrete components, as well as the 

IC and pass transistor, are mounted on a 

• A Stancor type TP3 is suggested in RCA's data 
sheet for a typical supply (see reference 2). 
editor. 

november I970gg| 53 

filter capacitors, and voltage-adjusting 
resistors. 

A schematic of the 100-mA supply is 
shown in fig. 2. Any standard filament 
transformer may be used as a power 
source.* The transformer, of course, will 

High-current IC-regulated power supply. 



fig. 5. Layout of components on a circuit board. 

2 x 2-1/8-inch phenolic board, fig. 5 and 
6. The circuit board can be a prepunched 
board of the Vector board type, or can be 
built as a printed-circuit board. After all 
components are mounted and connected, 
the board is attached to the aluminum 
bracket (fig. 7) with small machine 
screws. 

To enhance the appearance of the 
finished unit, I'd suggest sanding the 
bracket with medium-grit emery cloth, 
taking care to keep the scratch pattern 
parallel. 

table 2. Selections of resistors Rt and R2 for 
required output voltage in the high-current 
regulated supply. 

operating range 
(12.6 Vac input) 

reg. 
output E ref R1 R2 
(Vdc) (Vdc) 

15 1.5 1.7 17 
12 1.5 2.1 16.6 
10 1.5 2.5 16.2 

B 1.5 3.2 15.5 
6 1.5 4.3 14.4 
4 1.5 6.4 12.3 

Reg (out) = E ref ( R1 + R2 
R1 

fig. 6. Printed-circuit board layout 
for the basic regulated supply. 

fig. 7. Aluminum mounting bracket. 

Four different configurations for the 
unitized power supply are possible. Select 
the one to suit your needs. The few hours 
spent building this supply will be reward-
ing, and you'll be abreast of the times 
with your IC voltage regulator—circa 
1970. 
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linear 
vhf 

tank circuits 

Parameters are presented 

for designing 

single-ended vhf tanks 

using nominal 

quarter-wave 

transmission lines 

This article was prompted by a search of 
various amateur publications and other 
literature for down-to-earth information 
on the design and construction of vhf 
linear tank circuits. I was interested in 
information that could be used by the 
amateur to design circuits for his particu-
lar needs rather than the "Chinese copy" 
type of article. 

It all started when I decided that my 
2-meter transmitter should be rebuilt to 
incorporate a single-ended linear tank 
circuit. Since practically all available de-
sign information on linear tank circuits 
was for push-pull output tubes, much 
time was spent on data research. I felt 
that the results of this effort, which are 
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presented here, would interest the 
2-meter enthusiast who wants to know a 
little more about the subject. 

equivalent circuits 
Most single-ended vhf finals use the 

conventional parallel- or series-tuned 
inductance and capacitance plate circuit. 
The tank circuit discussed here is an 
adaptation of the parallel-tuned tank. It's 
basically a shortened 14-wave coax line, 
short-circuited (for rf) at one end and 
resonated with a capacitance at the other. 

This combination is equivalent to a 
parallel-tuned tank (fig. 1). Conventional 
single-ended circuits are also shown for 
comparison. The basic theory presented 
here can be applied to other types of 
linear circuits for higher frequencies, 
where the electrical length of the line is 
an integral number of quarter waves and 
the output-tube plate capacitance re-
places part of one of the quarter waves. 
This discussion, however, is confined to 
%-wave lines only. Multiple %-wave lines 
used at frequencies higher than 145 MHz 
are discussed in detail in reference 1. 

A coax line is unbalanced because of 
the way it's constructed. The outer con-
ductor is at ground potential, and the 
center conductor is contained entirely 
within the outer conductor. Thus the 
electric field is confined completely with-
in the shielded enclosure. This is ideal for 
a vhf tank circuit, since the tank provides 
its own shield, and radiation can be 
predicted and controlled. The design 
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problem is to choose a piece of trans-
mission line that looks like an inductance 
and which forms a resonant circuit when 
connected in parallel with a capacitance. 

the line's characteristic impedance and 
the tangent of the line's electrical length, 
0, in degrees, where 90 degrees = Va 
wavelength. The reactance is 

fig. 1. Equivalent tank cir-
cuits. Conventional series-
i n d parallel-tuned tanks 
using lumped constants are 
shown in A and B; linear 
parallel-tuned tank, C, is an 
adaptation of B. 

Lp 
- t 

background theory 
At this point a property of trans-

mission lines known as characteristic im-
pedance must be introduced, since other 
factors in the design depend on the 
magnitude of this property. The charac 
teristic impedance of a transmission line 
is a function of its physical dimensions 
(discussed in reference 2). I looked at 
four different transmission-line configura-
tions to determine which would be easiest 
to build, consistent w i th the desired 
electrical characteristics. These are shown 
in fig. 2, which gives characteristic imped-
ances for a range of practical values of 
conductor size and shape. 

A coaxial line cut to a V* wavelength at 
a given frequency and short-circuited at 
one end presents an open circuit at the 
other end to rf at that frequency Fur 
thermore, for lengths shorter than Vt 
wavelength, the impedance at the open 
end of the line is inductive. The magni-
tude of this impedance is the product of 

X L •= ZQ ( tan0) (1) 

where 
X l = inductive reactance (ohms) 
ZG ~ characteristic impedance of line 

(ohms) 
0 = electrical length of line (deg) 

For shortened %-wavelength lines, 
the electrical length is always less than 90 
degrees. 

One step further into theory, and we 
find that electrical length is related to 
physical length by the constant 2952 for 
air-dielectric lines. This constant is equal 
to the velocity of propagation in air 
(in.//Jsec) divided by 4. So the length in 
inches of a %-wave line is obtained by 
dividing 2952 by the frequency in MHz. 
For any dielectric other than air, the 
length is reduced by the propagation 
constant of the dielectric. 

Returning to the original problem of 
f inding the inductive reactance of an 
air-dielectric line that is (a) short-circuit-
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f i g . 2 . Transmission-line 
characteristics using air di-
electric. Ratio D/d should be 
chosen in the range from 2.5 
to S.O. 
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ed at the far end, and (b) shorter than Va 
wave, the relationship between inductive 
reactance and physical length is 

X i = ZQ tan 

Z n tan 

= Z n tan 

length in inches x 90 
length of Vi wave 

length x 90 x freq in MHz 
2952 

length x freq in MHz 
32.8 

(2) 

Fig. 3 shows the relationship of X|_ 
and length, normalized with respect to ZQ 

to s impl i fy the curve. 

design procedure 
The problem is to assemble all this 

information into something that can be 
used to design a tank circuit. The first 
step is to choose one of the configura-
tions shown in fig. 2. The choice will 
depend on materials available and by the 
metal work that may be required. For 
the average workshop, the three- or four-
sided square can be built fairly simply 
from flat metal with angles at the corners. 

Next, decide on a suitable ratio of 
D/d (see fig. 2). The recommended values 
in fig. 2 were determined from the curves 
in fig. 4, which shows that ratios between 
about 2.5 and 5 provide lowest attenua-
tion. 

Vol tage breakdown and power-
handling properties are usually no prob-
lem for amateur work. (A further discus-

sion on this subject is contained in 
reference 3, from which the curves in fig. 
4 were obtained.) 

From the chosen dimensions, the Z D 

of the line must be determined from fig. 
2. Next, the capacitance that will be 
present at the tube end of the line must be 
estimated. This capacitance is composed of 
tube output capacitance, strays, and the 
tuning capacitance. Tube plate capacitance 

O c <> 
0 . 6 

0.4 

0 O 20 30 40 SO 90 
ELECTRICAL LENGTH (DEGREES) 

fig. 3. Relationship between tine 
length and inductive reactance. 
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can be obtained from tube-manual data; 
stray capacitance can be estimated at a 
few pF; and the tuning capacitance can 
be the mid-range value of the capacitor, 
usually just a few pF. 

The capacitance at the tube end of the 
line is the sum of these capacitances. The 
capacitive reactance, X c , of this sum 
equals the inductive reactance, X|_, re-
quired to resonate the circuit at the 
operating frequency. This value of X c 
can be estimated closely enough from fig. 
5. 

After dividing Xq by the line ZD , the 
line electrical length can be determined 
from fig. 3, and the physical length can 
be calculated from 

L = 32.8 0 
f (3) 

where 
L = line length (in.) 
<j> = electrical length (deg) 
f = frequency (MHz) 

practical circuit 
A means must be provided to feed 

high voltage to the tube anode. This can 
be parallel feed through an rf choke, with 
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a plate-blocking capacitor to keep high 
voltage off the transmission line. How-
ever, a better method is to feed the high 
voltage to the tank through an rf choke at 
a point on the line where rf voltage is 
minimum; i.e., at the rf shorted end. 

A capacitor is then inserted at the 
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fig. 4. L ine Z „ choices for design. 

fig. 5. Capacitive reactance as a function 
of circuit capacitance at 145 MHz. 

shorted end to complete the rf short 
circuit on the line and to provide dc 
isolation of the inner conductor from 
ground. The capacitor can be built from a 
metal sandwich separated by a teflon film 
and installed into the end of the line. The 
capacitance value should be between 
100-500 pF to present very low reac 
tance. The capacitor should have low 
losses since it must pass high i f circulating 
currents. Teflon sheet about 10 mils thick 
is a good choice for the dielectric. The 
tuning capacitor can be made from two 
metal discs with variable spacing between 
them. 

The transmission-line center conductor 
should be as large as possible, consistent 
with desired Z 0 , to keep losses down. 
Silver plating is recommended. (A good 

" ' C o o l - A m p , " available from Cool A m p Co., 
8621 S .W. 17 Ave., Portland, Oregon 97219. 
Also, no. 28-203 electroplating set plus 28 21 1 
silver electrolyte; Radio Sluick, 730 Common-
wealth Ave., Boston, Mass. 02215. 
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article on silver plating vhf components is 
contained in reference 4.) Other alterna-
tives are also available.* 

Antenna coupling is provided by a 
coupling loop inserted into the cavity at 
the cold end, similar to Figure 2-60B in 
reference 2. 

tank circuit Q 
Reference 3 states that a resonant 

coaxial line optimized for minimum at-
tenuation can have an unloaded Q of 
about 3000. Since the tank-circuit effi-
ciency is determined by the relationship 
between unloaded and loaded Q, it's 
desirable to keep unloaded Q as high as 
possible. The circuit Q obtainable with a 
linear tank circuit is much higher than 
with lumped constants. 

design example 
An example will illustrate the princi-

ples involved. Choose a 4X150 as an 
output tube, which has 4.5 pF output 
capacitance. Estimate stray and tuning 
capacitances as about 4.5 pF. Total out-
put capacitance is then 9 pF. At 145 
MHz, X c is 120 ohms (fig. 5). Now 
choose a D/d ratio of about 4 and a 
3/8-inch diameter inner conductor. This 
combination gives D = 1.5 inches. 

For ease in construction, choose a 
4-sided square, 1.5 inches on a side. This 
type and size of line has a ZQ of 87 ohms. 
Dividing X c = 120 ohms by Z0 = 87 

"Hope you folks don't mind me bringing 
my gear . . . I'm expecting an important 

C Q from Spratley Island tonight." 

ohms yields a ratio of 1.38. From fig. 3, 
the electrical length is 54 degrees. Multi-
plying 54 by 32.8 and dividing by 145 
gives the physical length of the trans-
mission line as 12.2 inches. This is the 
total path length above the ground plane 
or chassis and included the path through 
the tube and the capacitance at the far 
end of the line. 

conclusion 
My philosophy on building home-brew 

gear has been that a little basic design 
should be done first, and then the circuit 
breadboarded to work out specific de-
tails. Even yet I am sometimes pleasantly 
surprised at the results of a little basic 
theory applied to practice. 

For example, a look at fig. 2 shows 
that the four-sided square configuration 
has a lower characteristic impedance than 
the three-sided one. Therefore, when a 
metal top is put on the three-sided line, 
the characteristic impedance is reduced. 
It might appear, at first glance, that 
adding the fourth side would add capaci-
tance to the circuit and hence lower the 
resonant frequency, but it doesn't work 
that way. The line resonates with a fixed 
tube capacitance, so decreasing the line 
ZQ increases line electrical length to 
maintain resonance. 

Increasing line electrical length is 
equivalent to increasing the frequency; 
therefore the resonant frequency be-
comes higher. The change, though slight, 
is apparent on a grid-dip oscillator. This 
example shows that a little basic design 
saves a lot of cut and try and helps to 
understand what goes on in these circuits. 
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printed-circuit 
boards 

without printing 

The printed-circuit board is adaptable to 
quantity manufacture of electronic cir-
cuits using small parts operating at low 
power. For the home workshop, where 
the quantity is likely to be one board, the 
conventional process of making the board 
is tedious and messy. A search was made 
for an easier and less messy procedure 
that would result in an attractive product. 
Here's a report on the result. 

construction 
Some circuits can be designed satisfac-

torily without breadboarding and sub-
sequent modification. However, most cir-
cuits designed by home craftsmen require 
such an approach. So I decided at the 
start of this project that a working circuit 
should be made before transferring it to a 
copper-laminate board. 

1 . .•.' 

Step 1. A diagram of the circuit is first 
made on paper, using standard drafting 
aids. When preparing the drawing, use 
care to keep the number of crossing wires 
to a minimum. This wil l save much time 
when laying out parts. 
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Step 2. Mount the parts on a punched 
phenolic board (available from electronic 
parts supply houses) and position the 
parts as in the drawing you made in step 
1. Try to have wires cross underneath 
parts on the face of the board. Where 
parts are to be connected, bring the wires 
together, cut off surplus wire, and solder. 

After all parts have been mounted and 
connected, apply appropriate voltage and 
check the circuit using temporary termi-
nals and clip leads. Make necessary modi-
fications, then revise the basic drawing. 

Step 3. Drill any holes to be used for 
mechanical mounting or for terminals in a 

62 0 november 1970 



second piece of phenolic board the same 
size as the board to be used for the 
finished product. This work is necessary 
at this point so that final parts layout 
won't interfere with mounting hardware 
or terminals. 

Next, mark the holes on the face of 
the phenolic board through which leads 
of parts are to be inserted. Fol low the 
general placement of parts as in step 2, 
but relocate parts as necessary to provide 
an even layout and to avoid crowding. 

Step 4. Cut the copper-clad board to 
finished size, deburr rough edges, and 
dril l the mounting holes using the pheno-
lic board in step 3 as a template. Hold the 
two boards together with C-clamps. The 
marked side of the phenolic board should 
face up; the copper side of the copper-
clad board should face down. 

Step 5. Place a piece of hardwood 
under the copper-clad board. Use a no, 50 
drill, and dril l through each of the mark-
ed holes on the phenolic board where 
component leads wil l be inserted. Sepa-

rate the two boards, then remove any 
burrs with a larger (hand-held) dril l bit. 
Use fine sandpaper to finish. 

Step 6. This step should be accom-
plished very carefully and work checked 
before proceeding further. Using the 
breadboard model on the first phenolic 
board (step 2), locate on the back the 
groups of holes connected together. Find 
the same holes on the back of the 
copper-clad board, and draw a pencilled 
line around them. Do this for each of the 
interconnections until all have been mark-
ed on the copper side of the board. 
Eliminate duplication of lines between 
connected areas. Wherever possible, ex-
tend the lines to the edge of the board. 
When this has been done, there wil l be 
lines on the board where insulating paths 
are to be cut into the copper. 

Step 7. The next step is to remove the 
copper from these insulating paths. This 
can be done with an engraving dril l or a 
dentist's no. 5 or 6 burr drill held in a 
drill-press chuck. 

Place the copper-clad board on a .piece 
of material of uniform thickness, such as 
a phenolic board about a half-inch thick. 
Do not use wood; it varies too much in 
thickness. Tape or otherwise temporarily 
attach the copper-clad board to the thick 
phenolic board. Lubricate the underside 
of the phenolic board so it slides easily on 
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the drill-press table. Now move the cop-
per-clad board under the drill tip, which 
should be running at a medium-high 
speed. Follow the pencil lines marked in 
step 6. Adjust the depth of cut so all of 
the copper is removed but little of the 
insulating material is removed. This oper-
ation will be simplified if the insulating 
paths have been brought to the edge of 
the board, as suggested in step 6. When all 
paths have been cut, sand the work to 
remove any burrs. 

parts on the insulated island to which 
they connect. Remove any surplus solder 
flux with alcohol on a soft cloth. 

Step 8. The next step is to mount the 
parts. Place leads through holes from the 
insulated side, keeping appearance in 
mind as each part is positioned. Bend 

Mount the board in its container or on 
its plug-in terminal strip, and connect any 
wire leads. 

conclusion 
This method of preparing PC boards 

has been used for circuits operating at 
and above 150 MHz. No interaction prob-
lems have been experienced. By properly 
positioning the various parts, circuits 
operating at ground potential can be 
placed between those carrying differing 
levels of rf energy, thus decoupling them. 

fig. 1. lOO-kHz crystal 
oscillator used to dem-
onstrate prlnted-clrcult 
construction. Transistor 
stage Q2 was found un-
necessary and was de-
leted from the final 
design. 

leads close to the copper on the underside 
and away from the adjacent insulating 
path. Cut leads to 1/8-inch on the bent 
part of the lead. Solder all connections 
using a low-temperature iron. No solder-
ing guns, please! Use minimum heat on 
diode and transistor leads. Solder these 

- T h e Dremel drill is a high-speed 117-Vac unit 
which operates at 27,000 rpm. Available at 
hobby shops, or from the Dremel Manufac-
turing Company, 2420 18th Street, Racine, 
Wisconsin 53401. 

The finished product looks nice and 
works well. The boards are much stronger 
mechanically than those made with the 
electrolytic process, since much more 
copper remains on the board. Changes 
have been made in the circuits to meet 
revised needs by using a Dremel hand 
drill * with a burr dril l bit to cut an in-
sulating path through an island and thus 
separate a circuit. 
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a simple test set 
for 

transistors and 

diodes 

Eight components 

are all you need to build 

this tester 

to determine the go, 

no-go status 

of unknown devices 

Have you ever gazed at a transistor, 
wondering if it's an npn or a pnp? Or 
have you ever wondered if, in fact, it 
exhibits any transistor action at all? The 
test set described here was developed to 
answer these questions quickly, directly, 
and with minimum effort. The tester can 
be used to sort transistors into good, bad, 
pnp, and npn categories. It can also 
identify good and bad diodes and deter-
mine anode or cathode polarity. 
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description 
Shown in fig. 1 are the externally 

visible components: just two lamps, a 
transistor socket, and a pushbutton 
switch. Place a transistor into the socket, 
note that both lamps are out, quickly press 
the pushbutton switch—the pnp lamp 
glows, indicating transistor action and a 
pnp device. The npn lamp would have lit 
had the device been an npn transistor. 
Place a diode between C and E pins on 
the socket, and only one lamp should 
light. The panel labels (fig. 1) identify the 
cathode end. 

construction 
The circuit is shown in fig. 2. The 6—8 

V supply can be taken from an existing 
piece of equipment—in fact, the entire 
unit can be built on a corner of unused 
panel space in a piece of test gear. It can 
just as easily be built in a minibox, with a 
bell transformer for a voltage supply. For 
these reasons, no construction details are 
given here. Nothing is critical about con-
struction, layout, or component types. 

The resistor in series with the switch 
should have a lower value if power 
transistors are to be investigated. A little 
experimenting will produce the correct 
value. 

limitations 
As with any piece of simple test gear, 

this one has some limitations. However, 
as a quick tester, it has no equal. The data 
in table 1 can be used to interpret the test 
results. 

The collector current required for 
lamps may be excessive for some transis-
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tor types and could cause the device 
under test to heat faster than expected. 
Prolonged operation may cause transistor 
failure. No failures are likely if the switch 
is operated just long enough to identify 
lamp operation. The prototype unit has 

the E terminal. A transistor will conduct 
only when its base-emitter junction is 
forward biased; positive for npn and 
negative for pnp. So when B is positive, 
forward biasing the npn base-emitter 
junction, collector current will flow 

table 1. Interpretation of test results 

device under test switch pnp lamp npn lamp conclusion 

diode between 

E and C pins 

transistor: 
emitter to E 

base to B 

collector to C 

on 

good unit; 
on off anode connected 

to E pin 

good unit; 
off on anode connected 

to C pin 

off off unit open-
circuit 

on on unit short-
circuit 

short between 
on on collector & 

emitter 
off* off* normal—i.e. 

good unit 

on** off good pnp unit 

off on** good npn unit 

open-circuit 
collector or 

off off a good small-
signal unit 
with low gain 

* Some modern (planar) transistors exhibit a breakdown when a reverse 
potential is applied to the collector with the base circuit open. This may 
show up as a faint glimmer on one lamp during this test. This is normal, and 
the other lamp should glow brightly during the next test when the switch 
is pressed. 

* * A dim lamp during this test usually indicates that the transistor has a 
high saturation voltage and should probably be rejected. 

been in operation for a long time, and so 
far as I know, it hasn't been responsible 
for any device failures. 

how it works 
The signal applied between base and 

emitter with the switch pressed is an ac 
signal; i.e., terminal B voltage changes 
positively and negatively with respect to 

through the npn lamp. The pnp lamp will 
not light, because its series diode is 
reverse biased and nonconducting. 

On the next half cycle, the base-
emitter junction is reverse biased and the 
transistor is cut off. The transistor there-
fore only conducts on alternate half 
cycles, and the lamps indicate accord-
ingly. 
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DIODES TRANSISTORS 

CATHXC 
end 

- T E S T i d J SOCKET 

PUSH 
TO TEST 

fig. 1. Suggested panel layout for the tester. 

A short circuit inside the transistor 
between emitter and collector will result 
in both lamps lighting. A n open-circuit 
collector lead will result in neither lamp 
lighting. With the switch released, the 
transistor acts as two diodes in series 
opposing; hence neither lamp will light. 
When the switch is pressed, transistor 
action operates a lamp. 

113 VAC 
O 

6-atac 

470 3 

(Stt TEXT) 
N047 rtTN ffc-s NO 47 OU 
BULB IP; IHJ (WW 

6 I PHP I 

M049 

, NO 47 BULJB 

\ PRESS \ 

T t s r SOCKET 

fig. 2. Schematic for the semi-
conductor device test set. 

A diode connected between the E and 
C pins will conduct on one-half cycle 
only and only one lamp will light unless 
it's short-circuited, in which case both 
lamps will light. The diode connections 
can be identified from the appropriate 
lamp indication. 

ham radio 

NEW 
TRI-EX'S 

MW 
SERIES 

Pound for pound the 
strongest self-supporting 
steel towers available. 

The new economy M W 
Series towers are designed 
to support up to 9V2 sq. ft. 
of antenna area. Featuring 
Tri-Ex's extra strong tor-
sional twist resistant " W " 
bracing, the all steel MW 
crank-up towers come in 
three sizes, each fully gal-
vanized for carefree main-
tenance. Models available, 
by height, are: MW-35', MW-
50', and MW-65 ' . Nes ted 
height is between 21' and 
22'. Hinged base and wall 
bracket included with MW 
tower orderl See your local 
dealer or write for free cata-
log today. Prices start as 
low as: 

$157.35 

x TOWER CORPORATION 
SMUSSEN AVE., VISALIA, CALIF. 93277 
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comments 

reflected power 

Dear HR: 
I was very interested in VE3AAZ's 

very good paper in the May 1970 issue of 
ham radio, "Some reflections on reflected 
power." In the section on line reflections 
he asks, "What happens if the load 
impedance doesn't equal the line 
impedance and some energy is reflected?" 
Then he goes on to answer his own 
question. "It's unlikely that the source 
and line impedances will be exactly equal. 
Thus, any energy reflected from the load 
will travel down the line to the source to 
be reflected again toward the load. This 
repeats until the wave's amplitude be-
comes too small to be of interest." 

Thus his concept of the reflected wave 
being re-reflected from the junction 
between the source and line depends 
upon the source and line impedances 
being unequal. But if this is correct, then 
one must envisage various situations in 
which those two impedances differ in 
various ratios, in which cases one would 
expect various proportions of the re-
flected wave to be re-reflected on getting 
back to the source line junction. Thus it 
may be incorrect to say that "any energy 
reflected from the load will travel down 
the line to the source to be reflected 
again toward the load." (That is to say, 

any departure from equality of the two 
impedances at the sending end will cause 
complete reflection.) But suppose, in the 
rare case, that these two impedances are 
exactly equal; will there be no reflection? 
This seems to be the conclusion to which 
we are driven by adopting Mr. Anderson's 
concept which, by the way, has wide 
acceptance though seldom specifically 
stated. 

However, I do not believe that this is 
the actual situation. To explain complete 
re-reflection at the sending end junction, 
appears to require that the oncoming 
reflected wave see either zero impedance 
or infinite impedance as those are the 
only conditions for complete reflection. 
What the whole explanation may be I do 
not know. It may well be that the 
hypothetical physical model invoked in 
nearly all discussions of transmission lines 
differs from the mathematical model 
sufficiently to be inadequate to explain 
reflections at the sending end. I would 
like to see this point discussed in ham 
radio. 

Hubert Woods 
Guadalajara, Mexico 

The statement that "any energy re-
flected from the toad will travel up the 
line..." means simply (in a lossless line) 
that all the energy reflected from the load 
goes back to the source end where some-
thing happens to it. It does not imply 
that the energy reflected from the load 
will go back to the source and then all 
come back toward the load again. 
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My original manuscript was in two 
parts which was condensed for publica-
tion. The original said, "And, if we have 
reflected energy traveling back to the 
source, then what? When the line looks 
back into the filter/transmitter, there is 
scarcely more than one chance in a 
million that it will see an impedance 
equal to ZQ, so at feast part of the 
reflected energy (which cannot simply 
disappear according to the law of conser-
vation of energy) is reflected again and 
starts toward the load where it is again 
reflected (in part) and what's left of it 
goes back to the source and so on and on, 
back and forth, until the wave gets too 
small to interest us... One group (of 
waves) is moving source-to-load and is 
called the "forward" or "incident" com-
ponent: The other group is moving load-
to-source and so is called the "reflected" 
component." 

In the interests of brevity / avoided 
any reference to reflection coefficient in 
my original paper. This quantity is de-
fined 

H Z+Zo 

The customary procedure is to make Z = 
ZL_ (the impedance of the load). How-
ever, if one elects to use the "successive 
reflections" method to find out what is 
happening on the line, then one must 
define an additional p in which Z = Zs 

(the impedance of the source). In any 
event it is possible, though tedious, to use 
these coefficients to completely solve for 
the voltages, currents and power on the 
line. There is clearly just as much variety 
possible in the sending end p as there is in 
the load end p. But if the load p is zero 
(swr exactly one) there will be no re-
flected energy and the sending end p is 
only of academic interest The important 
point to note is that the load end gets the 
first "crack" at the energy and so deter-
mines how much or how little energy 
there will be for the sending end to work 
on. Accordingly, the swr depends upon 
the load p only. 

Walter Anderson, VE3AAZ 
Toronto, Canada 

IT'S WHAT'S INSIDE 
THAT "COUNTS" 

Accuracy and stability has been 
placed first in the design of the TBL-1 
Marker. We feel a marker should be more 
accurate than the receiver it is going to 
calibrate — so no compromise has been 
made with quality. 

Fairchild, Motorola, JFD, Jan, Mal-
lory, IRC and Keystone components are 
used throughout. It costs more, but 
calibrate with the best. Hundreds have 
been sold to government, amateurs, 
SWL's, schools and laboratories around 
the world. 

Try one today. 

Frequency marker, less cabinet and switch 
Specifications: Glass Epoxy Board. Adjustment 
to zero beat with WWV. Uses 100 KHz crystal 
(not supplied). 3 to 4 VDC. Compact — 1.75 x 
3.7S inches. Install anywherel 
Complete easy-to- ^ g J Q Wired and g g 

assemble kit Tested 

SWITCH $1.00 CRYSTAL ONLY $3.50 
with purchase of any of above 

or 

SELF-CONTAINED UNIT 
The TBL Marker is a complete unit includ-

ing the circuit board shown at left and powered 
with 3 "C" type flashlight batteries. Merely 
connect to your receiver antenna — no internal 
wiring necessary. A front panel control allows 
zero beat with WWV. 

Special introductory price *OQ Q5 
Less crystal and batteries 

POSTPAID U.S.A. 
SOLD WITH MONEY BACK GUARANTEE 

THE RADIO SHOP, LAB 1 
48 ELM STREET, NEW CANAAN, CONN. 06840 

Tel. 203-966-3553 

november 1970 gjj 69 



T H R E E B I « . U K C a 

Special 
IN THIS ISSUE 

? A New Magazine: 
Not really. New in the U.S.A. perhaps, 

but very well known in Great Britain and 
now being offered to you here. 

RADIO CONSTRUCTOR is almost exclu-
sively construction material. Clearly writ-
ten, concise articles give you full details 
on: 

• Audio Construction Projects 
• Receiver Construction Projects 
• Transmitter Construction Projects 
• Test Equipment Projects 
• Radio Control Projects 

. . . and much more 

Try a subscription to this interesting 
magazine, we are sure that you will not 
be disappointed. 

ONE YEAR SUBSCRIPTION — 

Write 
RADIO CONSTRUCTOR 
Greenville, N. H. 03048 

$5.75 

Name ... 

Address 

City State 

Zip. 
in-

active audio filter 
Dear HR: 

I wanted to let you know that I've 
constructed the variable bandpass audio 
filter that you ran in the Apri l issue of 
ham radio. I use a 2N4124 in the fi lter, 
and another 2N4124 as a single audio 
stage for headphone operation. Together, 
they produce a quite usable level of audio 
wi th really great selectivity. The amplifier 
stage is very simple: 

HEADPHONES 

I am in the process of using this filter 
and audio as a replacement for the filter 
in the DC-80-10 receiver of QST, Apri l 
1969. Without exaggerating, the receiver 
and this fi lter produce better selectivity 
than I get wi th my RME-4350 wi th the 
crystal filter notched all the way in! With 
the fi lter at the point of near-oscillation, 
S-4 signals wil l come up to a level equal 
wi th an S-9 plus 10-dB signal only 100 
cycles or so away. I'm amazed at it! 
Guess I'll never build that transistor 
version of the old 'selecto-ject' you ran a 
few months back. 

I found the main problem was lack of 
skirt selectivity-the bandpass signal was 
really peaked, but signals off the sides 
suffered litt le attenuation. Solution: I 
cascaded two sections of the fi lter wi th 
some minor modifications to adapt to the 
cascading. These consisted of eliminating 
the resistor between input and ground in 
the second stage, and adding a trimmer-
type potentiometer to the first stage 
instead of the regular potentiometer. 
With this setup, the first stage is adjusted 
not quite at minimum bandpass (backed 
off slightly to the point where the stage 
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still yields worthwhile gain), arid the 
second section is used to adjust bandpass 
width and depth. Now the signals almost 
totally disappear above 1100 Hz-they 
just aren't there anymore! 

One thing I've noticed about the filter 
that is worth mentioning: the input to 
the filter must be at an adequate level to 
use its full potential selectivity. I got the 
impression from the article that the lower 
the input, the better. 

Ade Weiss, K8EEG/0 
Meckling, South Dakota 

filters for speech clipping 
Dear HR: 

A good source of 9-MHz filters for use 
in speech clippers is Spectrum Interna-
tional. I contacted them and learned that 
their KVG crystal filters were 9 MHz± 
200 Hz — off the shelf. On receiving two 
filters for a transistorized rf clipper pro-
ject, the center frequencies were within 
60 Hz. According to my spectrum ana-
lyzer this is a usable tolerance. 

Wayne W. Cooper, K4ZZV 
Miami Shores, Florida 

For more information on KVG crystal 
filters, see the report on page 86 of the 
April, 1970 issue of ham radio. The filters 
may be purchased from Spectrum Inter-
national, Post Office Box 87, Topsfield, 
Massachusetts 01983. 

light-emitting diodes 
Dear HR: 

A number of new visible-red LED's 
have been put on the market, including 
the Hewlett-Packard HP5082-4403 for 
$2.50, and the Motorola MLED600 for 
$2.25 (single-unit prices). Anyone experi-
menting with these devices should get a 
copy of "Solid-state Lamps—Part II Ap-
plications Manual" from the Miniature 
Lamp Department of General Electric in 
Schenectady, New York. 

Martin Davidoff, K2UBC 
Syracuse, New York 
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HAL 311BC 

ELECTRONIC 

KEYER 

THE most versatile keyer now available. 

Send for full details on the HAL 311 BC 
and the complete line of HAL electronic 
keyers. There is a model to f i t your re-
quirement and budget from $16.00 to 
$48.50. 
Now available in kit form for even greater 
value. 

TOUCHCODER II KIT 
Complete kit of parts, excluding keyboard, 
for the W4UX CW code typer. 
All circuitry, including PS and monitor on 
one G10 glass PC board. 
Transistor grid block and cathode keying. 
Only $45.00. Write for full details. 

RYRYRYRYRYRYRYRYRYRYRYRYR 
HAL RTTY TU/AFSK KIT 

All TU and AFSK circuitry, including PS, 
on one 3x6" G10 glass PC board. 
850, 170, and CW ID shifts 
Zener protected transistor loop switch 
High and low impedance audio output 
$40.00 HAL TU/AFSK cabinet $6.50 
RYRYRYRYRYRYRYRYRYRYRYRYR 

MAINLINE RTTY EQUIPMENT 
HAL offers complete parts kits for the Main-
line ST-6 TU and other RTTY equipment. 
Get both the circuit boards and parts from 
one source and save. Please write for full 
details and prices. 

DOUBLE BALANCED MODULATOR KIT 
For the DBM in March 1970 Ham Radio 
7/8x2" G10 glass PC board 
4 HP 2800 hot carrier diodes matched by 
HAL. 2 Indiana General CF102-Q1 
toroids. 
Instructions included. $5.50 postpaid. 

Hot Carrier Diodel: HP2800 90f. 12/SI0 00 Malched by HAL ,, 4/S4.25 
IC"e I (J L 900, 914, Mi t>iL923 90< 
MBTL MC790P. MC890P S2.00, 10/SI9.50 

MC724P. MC789P, MC792P. MC725P $1.06, 10/S9.50 
Alio Available: MC7B8P, MC880P, MC767P, MC9760P. 

OP AMP: SN72709N (DIPI, SN72709L ITOSI SI.50. /,'$ 10.00 
TOROIDS: Indiana General CF102 06, CFI02 0I. CF101 Q2 MM 
CINCH IC sockets. 14 OIP, 8 ICS 60/ HAL DEVICES 

Write for our complete catalog. 
Remit with order; please add postage. 
H A L DEVICES Box 365H, Urbana, II 61801 
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a second look fish 

Regular readers of this page may recall an 
editorial in the Apri l 1970 issue by Skip 
Tenney, W1NLB, publisher of ham radio. 
The central theme of Skip's message 
concerned the growth of amateur radio 
and the attitude of hams in contributing 
to this growth — not only in quantity of 
numbers, but in quality of technical 
achievement. Such balanced growth is 
clearly essential if ham radio is to survive 
the challenge of the technology explosion 
in electronics. 

One subject Skip touched upon was 
the novice ham and his problems in 
becoming established as a permanent 
member of the amateur radio com-
munity. It was mentioned that about 50% 
of those passing the novice test never get 
on the air. Carrying this thought a litt le 
further, of those who do get on the air 
perhaps less than 30% develop the skills 
and knowledge necessary to progress to 
higher license grades. 

There are many reasons, of course, for 
this poor success ratio. One is plain 
discouragement. Novices need the help 
and mature direction from those who 
have been through the mill. Many novices 
build or buy equipment but have only a 
vague idea of how the equipment really 
operates beyond basic tuning adjust-
ments. Experienced hams, who are sin-
cerely concerned about the development 
of amateur radio, can help these novices 
over the rough spots of their transition 
period. Each novice who does manage to 
progress to general-class status is a poten-
tial contributor to the common cause of 
ham radio. 

Tune across the novice frequencies on 
any band during the evening hours, and 

you'l l hear hundreds of novices endlessly 
calling CQ wi th negative results. It is any 
wonder so many become discouraged? 

One way the experienced ham can 
help the situation is to make contact with 
a few novice stations and offer technical 
aid if it seems appropriate. Some novices 
object to general and higher-class hams 
invading novice territory on the grounds 
that these bands are already overcrowded. 
However, it certainly seems logical that 
any aid given a novice by a more expe-
rienced operator would compensate for 
the additional band occupancy. 

One example recently brought to my 
attention bears this out. An extra-class 
ham contacted a novice who was having 
trouble wi th his antenna, which in turn 
was causing transmitter loading problems. 
Actual ly, the novice solved the problem 
himself after a few friendly words of 
advice. A l l their activity consumed the 
better part of two hours at 12 wpm. In 
addition to the technical help, the con-
tact provided some needed code practice 
for the novice ham, and the extra-class 
ham obtained some practice in for-
bearance. 

If you've become bored with the 
ordinary ham operating activities, why 
not tune across the novice frequencies 
and see what's happening? A few hours a 
week exploring the world of the novice 
and his problems can be rewarding if you 
enjoy helping people. Who knows? Maybe 
your efforts might provide the amount of 
impetus necessary to make the difference 
between a dropout and a winner. 

Jim Fisk, W1DTY 
editor 
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a filter-type 

ssb generator 

This construction project 

features a basic 

ssb generator circuit 

that can be used 

in hf 

or vhf 

exciters 
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The state of the art being what it is 
today, the homebrewer seems to be a 
vanishing breed. For those who cut their 
teeth on tubes, solid state is somewhat 
perplexing. But then, even the ham-
equipment manufacturers, with a few 
exceptions, have been somewhat reluc-
tant to plunge into wholesale change-over 
from tubes. Single sideband also has 
popped up to further complicate the 
homebrewer's life. Though a delight to 
use, it's another matter when it comes to 
generating ssb signals. There are still those 
hardy few who hold that building is half 
the fun of getting there. For these, here is 
a 9-MHz selectable-sideband filter-type 
ssb generator. 

description 
Referring to fig. 1, two stages of audio 

amplification increase the microphone 
output to the proper level to drive the 
balanced modulator. A switchable 9-MHz 
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oscillator drives an emitter-follower isola-
tion stage, which in turn provides both 
drive to the balanced modulator and a 
variable-level carrier for injection into the 
output amplifier. An additional audio 
stage and a rectifier/filter network pro-
vide a dc vox voltage. 

audio stages 
A schematic of the complete ssb gen-

erator appears in fig. 2. The first audio 
stage, Q1, is a 3N128. It provides the high 

The third audio stage provides a low-
impedance output to the balanced modu-
lator. This circuit has a pair of diodes 
connected as a limiter, which allows 
about 8 dB compression without objec-
tionable distortion. The level at this point 
is 0.7 Vrms maximum. 

An additional output with variable 
level is provided from Q3 to drive Q4, the 
vox amplifier. The two diodes and filter 
network driven by Q4 provide a maxi-
mum of about 6 Vdc to drive an external 
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FOLLOWER 

1.5 VRMS 
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MODULATOR 
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FILTER AMPLIFIER 
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8 FILTER 
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VOX OUTPUT 
6 VDC 

O 

f i g . 1. B l o c k d i a g r a m of t h e 9 - M H J se lec tab le -s ideband ssb gene ra to r . 

input impedance suitable for a ceramic 
microphone. The rf choke and bypass 
capacitor in the input help prevent any rf 
feedback. The first stage provides about 
20 dB gain. 

The second stage, Q2, provides about 
30 dB gain or more and has a low-pass 
network in its output to restrict the 
high-frequency audio response. This net-
work has the dual purpose of improving 
the supression of the audio components 
above 3 kHz and eliminating any rf at this 
point. There is also some low-frequency 
rolloff below 300 Hz, which is provided 
by small values of coupling and bypass 
capacitors in the first stage. This low-
frequency rolloff helps suppress the 
opposite sideband components near the 
carrier frequency and eliminates the non-
essential low-frequency components in 
the wanted sideband. 

vox-control relay. This voltage can be 
made poistive by reversing the diodes. 

carrier oscillator 
The carrier oscillator, Q5, provides a 

carrier on either the upper or lower slope 
of the filter bandpass to produce lower 
and upper sidebands. The carriers ideally 
should be at the -6 dB points or lower. 
The capacitors across the crystals locate 
the carriers on the skirts. 

The emitter-follower stage, Q6, pro-
vides isolation between oscillator and 
balanced modulator. The pot in the 
emitter of Q6 provides a variable-level 
carrier for tune-up, cw, and a-m opera-
tion. The input coupling network to the 
follower provides both bias and the proper 
drive level. If a 1-pF capacitor isn't avail-
able, use a capacitive divider to keep the 
drive level down. 
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balanced modulator 
The balanced modulator is of the 

two-diode variety, with unbalanced in-
puts for the audio and rf, and balanced 
output. The two diodes should be rea-
sonably matched for forward resistance. 
The rf level should be about 1.5 Vrms 

output transformer. The crystals used in 
filter were ordered in HC6 holders, series 
resonant, 2 kHz apart. Filter bandwidth is 
about 2.2 kHz at the 3-dB points. Trans-
former T2 is not tuned; the core is 
centered in the bifilar winding. The out-
put of the filter is stepped up in im-

into the arm of the balance pot. The ratio 
of rf to audio should be greater than 2 to 
1. Since the limiter in the audio circuitry 
holds the audio to about 0.6 Vrms, this 
condition is met. The diodes couple into 
a balanced bifilar winding (the primary of 
T1). A bifilar winding is shown in fig. 3. 

crystal filter 
Crystal-filter design may seem difficult, 

but I have built two of this type with satis-
factory results. The input to the filter is 
stepped down in impedance by a capacitive 
divider across the balanced modulator 

pedance by T3 to provide drive to the 
gate of the output stage. You might think 
about buying a commercial filter if you 
don't want to bother with the alignment 
problems, although a filter can be built 
for less than half the price of a com-
mercial model. 

The output amplifier, Q7, increases 
the filter output to 1.0 Vrms through a 
capacitive divider into a 1k load. The 
510-ohm resistor in series with the gate 
was needed to stabilize this stage. Lower 
impedance loads can be fed by changing 
the ratio of the capacitors in the divider. 
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construction 
The ssb generator is constructed on 

.032-inch doubfe-clacJ board, using tran-
sistor sockets and standoff terminals as 
required. It would be easy to use an 
etched-circuit board. Having a copper 
layer on the transistor side of the board 

shield separates the oscillator from the 
balanced modulator. 

The component side of the board faces 
the front panel of the unit. Short wires 
are run from the board to the controls on 
the front panel. The control location and 
board layout were coordinated to place 

m 15 V T ^ 
rh at 

3mee 
ioomH 

CX, C 2 2 — 20 p F (variable or selected) 

C R 5 , C R 6 matched for forward re-
sistance 

T1 4 turns bifilar primary, 3 uH sec-
ondary* 

T 2 6 turns bifilar wound on form 

T 3 5:1 ratio, 3 uH secondary* 

X I 8.9995 MHz (parallel resonant with 
32 pF) 

X 2 9.0015 MHz (parallel resonant with 
32 p F ) 

X 3 , X 5 9.0020 MHz (series resonant) 

X 4 , X 6 9.0000 MHz (series resonant) 

*3 uH coils are J . W. Miller 4 0 A 3 3 6 C B I 

fig. 2. Ssb generator schematic. The circuit includes provisions for af-component conditioning and 
speech compression. A voltage is also available for an external vox relay. 

provides good shielding and a good 
ground plane to prevent ground loops. An 
inch-high shield is installed between the 
audio and output amplifier stages on one 
side of the board and the rf circuitry on 
the other side of the board. Another 

the controls over the circuits to which 
they connect. A ground was necessary 
between the top of the balanced modu-
lator shield and the front panel to prevent 
rf leakage from the oscillator to the 
balanced modulator. The oscillator 
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crystal cans are grounded by clips on top 
of the crystal sockets. 

T h e generator is housed in a 
6 - 1/8 x 3 - 1 / 4 x 2-1/2-inch homebrew 

A l — f 
JictHTER Tip 

fid- 3. Bifilar winding used on transformers in 
the balanced modulator and filter sections. Al 
indicates the beginning of one wire; A 2 is its 
other end. Wire B is wound next to wire A . 
Wires should be twisted for best balance. 

minibox made from a piece of aluminum 
siding. The board is held in place by no. 4 
screws through brass tabs soldered to the 
corners of the board. In my application, 
the box is mounted behind the front 

alignment 

The tuned circuit in the oscillator 
output should be set far enough above 
the operating frequency to ensure starting 
and equal outputs with either crystal. The 
capacitors across the crystals should be 
adjusted so the carriers fall on the -6 dB 
points on either side of the crystal filter 
bandpass. See fig. 4 for carrier placement. 
The crystals in the oscillator should be a 
bit low in frequency to operate with the 
standard 32-pF capacitance in the par-
allel-resonant mode. Frequencies of 8.999 
and 9.001 M H z will do. The lower-
frequency crystals may be easily pulled 
up in frequency by reducing the capacity 
across them. 

When properly aligned, the filter band-
pass should be as in fig. 4. Several 
methods can be used to align the filter. 
The most desirable method is to inject an 
fm signal into the filter and display the 
output on a scope synced to the fm 
sweep. In the absence of this test equip-
ment, an audio signal can be injected into 

xt aoooi+ii 9oauni aaxMHi xz 

fig. 4. Crystal-filter character-
istic. X1, X2 show carrier 
placement; 9.000 and 9.002 
M H z represent filter band-
pass. 

01 T3 

</5 
z. 
s 
VI 
£ 

FREQUENCY 

panel of a homebrew exciter, with the 
controls projecting through the panel. 
The controls are fastened to the front 
panel of the box with silastic so the 
controls will stay in place when the nuts 
are removed. 

the rf choke feeding the balanced modu-
lator pot. If the amplifier output is 
observed on a receiver S meter, the filter 
bandpass can be plotted as the frequency 
of the injected audio is swept from 100 
Hz to 4 kHz. The filter bandpass char-
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acteristic is affected by the tuning of T1 
and should be adjusted for equal level of 
the two peaks. Capacitor C1 can then be 
adjusted by setting it for minimum 
capacitance, watching the level on the 
s-meter, and increasing C1 until about 6 
dB (or one S unit) decrease is noted. 
Capacitor C2 is set to maximum capacity, 
then backed out for the same results as 
with C1. 

(together with a crystal oscillator), and 
this mixer drives a second mixer together 
with a 5.0 to 5.5-MHz vfo for 8 0 - 10 
meter output. The first mixer can be 
omitted, and output can be obtained on 
80 and 20 meters only (9 MHz plus or 
minus the vfo frequency). For 6-meter 
operation, a vxo could be multiplied to 
41 MHz and mixed with the 9-MHz ssb 
signal to obtain 50-MHz output. 

Another view of the ssb generator. Shielding between compartments 
is important to eliminate crosstalk between rf and audio stages. 

The balance pot should null the carrier 
to - 3 5 or - 4 0 dB. The additional - 6 dB 
from the filter will make the carrier 
rejection a minimum of —40 dB. If this 
can't be achieved, the carrier may be 
leaking around the balanced modulator, 
or a small balance capacitor may be 
needed on one side of the balance pot. 

applications 

Numerous combinations can be used 
for vhf or hf ssb transmitters. In my 
transmitter the generator drives a mixer 

The bandwidth of the ssb filter may be 
a bit narrow for some voices, but it can 
be easily increased by using 2.5 or 3.0 
kHz spacing on the filter crystals. I've had 
no complaints about the intelligibility, 
and I am able to compete for the dx with 
those who use exciters with similar power 
levels. 

Why not try a little construction? 
There's nothing to compare with the 
satisfaction gained in creating something 
worthwhile. 

ham radio 
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radio-frequency 

interference 

Man-made interference 

can raise havoc 

with radio communications. 

Here's how to locate 

and cure 

troublesome noise sources. 

> 
H 
O r -
s 
4 

As the number of sunspots goes down, 
and solar activity declines, more and 
more amateurs will be emigrating from 10 
and 15 meters and lining up for clear 
spots on 80 and 40. This year there 
should still be a few good openings on the 
upper h-f bands, but good D X propaga-
tion during the evening hours will proba-
bly be limited to 80 and 40, and occa-
sionally, 20 meters. 

If you haven't had your receiver tuned 
up on 80 or 40 recently, you've probably 
forgotten the man-made interference you 
run into on our lower bands — hash from 
15 kHz horizontal oscillators in local 
television sets, noise from vacuum 
cleaners, washing machines, refrigerators 
and other electric-motor appliances, as 
well as interference from furnace ignitors, 
fluorescent lights, and thermostats. 

If you live in the country the problem 
is not as severe as in the city, but the 
ambient noise level on a cold winter night 
can still cover up a weak signal on the low 
end of 80. If you live in the city, you're 
apt to turn on the receiver, scan the band, 
note the S8 noise level, and opt for a 
quiet evening of television. 

Unfortunately, most of the man-made 
noise that interferes with amateur com-
munications must be cured at the source. 
If you put a brute-force line filter (see fig. 
1) in the ac power line to your receiver, 
install a noise blanker, and make sure 
everything is well grounded you've taken 
steps in the right direction, but you can 
still look forward to a few quiet evenings 
in front of the one-eyed monster; noise 
blankers simply aren't effective against all 
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forms of noise, arid some of the noise is 
picked up by the antenna, not the line 
cord. 

tracking the noise 
The first problem is to find the source. 

After you find the culprit you can take 
the necessary steps to suppress the noise. 
If you have a mobile setup, you can 
cruise around the neighborhood looking 
for the area where the noise is the 
loudest. However, this approach works 
best in the country where the houses 
aren't too close together. If the noise 
source comes from a densely populated 
residential area or a high-rise apartment 
building, your mobile receiver isn't 
portable enough to track down the 
source. 

The best bet for tracking down noise is 
a small lightweight battery-powered re-
ceiver that is easily carried about. The 
late Davco DR-30 is ideal, but not too 
many of us are lucky enough to have one 
in the shack. A simple direct-conversion 
receiver such as the one described by 
K1BQT1 is perfectly suitable, as are any 
number of other simple receivers. The 
other alternative is to build an inexpen-
sive receiver expressly for the purpose of 
locating troublesome noise sources. An 
excellent low-cost unit that tunes from 
the broadcast band to 225 MHz was 
described by W1CER in QST.2 

finding the source 
Tune your noise-seeking receiver to 

the highest frequency where you can hear 
the interference, back down on the gain 
until you can just hear the noise, and 
start driving. If the noise drops out, turn 
around and go in the opposite direction. 
The noise level will build up as you 
approach the source. Back off on the rf 
gain and keep driving until the noise 
disappears again. Turn around then go 
back, carefully checking the noise level. 
After two or three tries you should be 
able to pinpoint the source within two or 
three houses. Now get out of the car and 
walk up and down the street until you 
can determine which house is creating the 
interference. 

Once you have located the noise 
source, you can't go any further until you 
talk to the householder and get his aid in 
tracking down the exact source. Be 
diplomatic. Don't accuse him of inter-
fering with your receiver; ask him if he is 
having interference to his television or 
a-m broadcast set. If the noise source is in 
his house the interference will be more 
severe and he will probably ask you 
where it's coming from. 

Turn up the gain on your receiver so 
he can hear the interference and show 
him that it's the same on his tv set or 
broadcast receiver. Then explain that 
you'll have to go through a process of 

u 
_rv>-v-%_ 

TO SET 

LS 

fig. 1. Brute-force power-line filter. L1 and l_2 
are 28 turns no. 14 enameled, Vs" diameter, 
spaced to a length of 3V2" (use a V2" wooden 
dowel for a form). The two coils should be 
wound in opposite directions. 

elimination to locate the problem. Ask 
him to turn off his circuit breakers one at 
a time to make sure his house is not the 
source. If the noise disappears with the 
click of one of the circuit breakers, check 
out all the appliances in that circuit until 
you find the offending device. Then ask 
him to have it corrected — there are 
filters on the market for practically every 
type of electrical noisemaker. 

On the other hand, if the interference 
isn't coming from his house, you have 
more detective work to do. When you 
have found the source and had it cor-
rected, let him know the problem has 
been found, and thank him for his assist-
ance. He'll be grateful for your help in 
getting rid of the interference and will 
probably tell his neighbors — score one 
for amateur radio. 
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For more information on identifying 
and tracking down radio interference, 
read the excellent articles by W A 6 F Q G . 3 

tv sync interference 
One of the more troublesome sources 

of radio interference is the 15,750 Hz 
horizontal sweep oscillator found in every 
television set. The fast rise time of the 
output waveshape results in harmonics 
that can often be heard on the 28-MHz 
band. The F C C has radiation-suppression 
requirements for new sets, but these can 
still cause interference on 80 and 160 
meters. Older sets have no suppression 
and have been known to cause inter-
ference as high as 28 MHz ! Tv sync 
interference is easily identified because it 
takes the form of rather unstable ac-
modulated signals spaced at intervals of 
15.75 kHz. 

Tv sync interference is usually radiated 
by the line cord, the antenna feedline or 
the sweep circuit wiring. In many cases it 
can be cured by installing a highpass filter 
at the antenna terminals and bypassing 
each side of the ac line where it enters the 
tv chassis with .01 JLIF disc capacitors. 

If these two steps don't stop the 
interference, cut a piece of 300-ohm 
twinlead 25 inches long and strip VA 
inches of insulation from each end as 
shown in fig. 2. Twist the leads of one 
end together and connect a .01 capacitor 
from the twisted leads to chassis ground. 
Connect the other leads to the antenna 
terminals of the television set. This 

shorted stub presents a high impedance 
across the antenna terminals at the tele-
vision frequencies, so it doesn't degrade 
the performance of the set, but at the 
15.75 kHz sweep-oscillator frequency it 
looks like a dead short to ground. 

lb 

o M -

fig. 2. Shorted 300-ohm stub a-
cross antenna terminals prevents 
radiation of tv sync pulses. 

2) ANTENNA TERMINALS 

fig. 3. Methods for installing filter capacitors 
across noisy electric motors. Capacitors may be 
from .002 to 2 fXF, see text. 

CHASSIS 6ROUND 

Tv sync interference is sometimes 
radiated by the wires that run to the base 
of the picture tube. This can be cured by 
wrapping the wires with aluminum foil 
and grounding the foil to the tv chassis. 
(Don ' twrap the high-voltage lead going to 
the side of the tube.) 
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Severe cases may require shielding the 
B+ wiring and additional bypassing in the 
sweep-oscillator stage, or lining the inside 
of the cabinet with screening, but at this 
point it would probably be worthwhile to 
consider a newer television set. 

1(7 VAC 

fig. 4. When the simple filter circuits shown In 
fig. 3 don't suppress the noise sufficiently, .01 
jUF Sprague Hypass capacitors should be added 
in each side of the line. 

electric-motor Interference 
Most of the newer motor-powered 

appliances have built-in noise suppression 
devices but many older units do not. 
Series or universal motors are usually 
used in small household appliances such 
as electric razors, vacuum cleaners and 
food mixers. Induction motors are used 
in larger equipment: refrigerators, 
washing machines, ventilating fans, etc. 
Induction motors with split-phase starting 
have no commutators and are not noise 
makers unless they are exceptionally 
dirty. However, many motors use a com-
mutator for starting only, so radio inter-
ference is only caused for a few seconds. 

To eliminate radio noise from a com-
mutator-type motor, have the commuta-
tor turned down on a lathe, re-seat the 
brushes, install a well-grounded filter as 
close to the motor as possible, and keep 
the commutator scrupulously clean. How-
ever, it's usually difficult to keep com-
mutators in series motors in good condi-
tion because of their small size, so some 
sparking will inevitably result. 

The most effective radio-interference 
filter is a large capacitor installed as close 
as possible to the noise source. Capacitors 

may be used in any of the ways shown in 
fig. 3 — values will vary from 0.002 to 2 
fiF. For portable appliances the filter 
capacitors are limited in size by the 
requirement that possible current to 
ground through the capacitor may not 
exceed 0.3 mA. This protects the user 
from appreciable electrical shocks. The 
capacitors used in fig. 3C, for example, 
should not be larger than 0.005 [xf: those 
used in fig. 3D should not exceed 0.01 
juF. 

In fixed installations which are per-
manently grounded the capacitors can be 
much larger, with a value of 2 nF as the 
practical upper limit. A n excellent capaci-
tor for this purpose is the 2-juF mylar 
capacitor sold by J. W. Miller. This 
capacitor, the Miller type 7804, is rated 
at 220 volts ac/dc and is designed to 
withstand transient surges up to 1000 
volts. 

If the simple capacitor filters shown in 
fig. 3 do not reduce radio interference to 
an acceptable level, add a 0.01 fj.F 
Sprague Hypass capacitor in each of the 
power leads as shown in fig. 4. These 
coaxially-constructed capacitors are effec-
tive radio-interference suppressors up to 
150 MHz. 

Most cases of motor-generated radio 
interference can be suppressed with the 
circuits of figs. 3 or 4 but occasionally 
you may run into a stubborn machine 
that requires the added suppression of an 
LC circuit. The best circuit for this 
purpose is the one recommended for your 
receiver (see fig. 1), although there are a 
number of compact commercial units 
available. A summary of commercial line 
filters and their wattage ratings is shown 
in table 1. 

fluorescent-light interference 
Fluorescent lights, especially fluores-

cent desk lamps, are about the worst 
offenders found in any house. They are 
difficult to cure because they radiate 
radio interference through the ac power 
lines as well as through space. To solve ac 
line radiation build the circuit of fig. 5 
into the base of the lamp and use an 
effective ground. 
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Direct radiation at distances closer 
than about 10 feet f rom the lamp is 
practically impossible to eliminate, al-
though an rf shield of V mesh screen 
may be placed across the opening of the 
reflector hood. 

One type of fluorescent f ixture that is 
particularly dif f icult to cure is the two-
bulb lamp that uses pushbutton switches 
rather than a starter. One suppression 

the primary causes of rf interference, 
o the r devices can cause problems 
too — neon signs, diathermy, furnace 
ignitors and tv boosters — any device that 
is electric powered is a potential source of 
interference. Don't overlook that baby-
bottle warmer, electric iron or electric 
blanket; they all contain a thermostat 
that generates a small arc each time it 
closes. 

table 1. Commercial interference filters for installation in the ac line, 

wattage V manufacturer type model application 

50 115 Miller LC 7817 electric shavers 
60 120 Miller LC 7812 teletype motors 
80 220 Miller L 7878 fluorescent lights 

220 115 Miller LC 7818 small appliances 
310 125 CDE LC NF10280 small appliances 
325 125 Aerovox LC IN-106 fluorescent lights 
550 115 Miller LC 7815 large appliances 
660 115 Miller C 7816 household appliances 
660 120 Aerovox LC IN-42 household appliances 
980 280 CDE LC NF10431 household appliances 

1100 220 Miller LC 7880 uncased, heavy duty 
1150 230 Miller LC 7814 business machines 
2200 220 Miller LC 7881 uncased, heavy duty 

— 120 Aerovox C IN-105 fluorescent lights 
— 120 Aerovox C IN-27 small appliances 
— 15 kV Miller L 7875 neon signs 

method that is effective in these lamps is 
shown in fig. 6. Disregard B1, C1 and 
RFC1 if only one bulb is used: the start 
switch wil l be an spst type. 

other interference 

Although electric motors, tv horizon-
tal oscillators and fluorescent lights are 

fig. 5. Circuit for suppressing inter-
ference from fluorescent lamps. 

To eliminate interference from neon 
signs, replace any defective tubes, bond 
together all the conductive pieces in the 
field of the sign and check the insulation. 
High-tension filter chokes are available to 
eliminate neon-sign hash from the power 
line. One example is the J. W. Miller 
model 7875 insulated for 15,000 volts 
and designed for continuous operation up 
to 100 mA. 

Thermostatic-arc interference is best 
suppressed wi th a filter capacitor as close 
to the contacts as possible. This type of 
interference is usually not too trouble-
some unless the contacts are especially 
dirty. 

Rf heating units are another problem 
area. These units are found in diathermy 
machines and many industrial heating 
units. Since these units generate rf they 
must be licensed by the FCC, and must 
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meet FCC standards regarding spurious 
emissions. However, if the unit is tuned 
incorrectly, or operated improperly, 
severe rf interference can result. To cure 
interference, make sure the rf heating 
unit is grounded and shielded. Check 
frequency and harmonics; reduce drive to 
the final amplifier to reduce harmonic 
output, and if necessary, install traps and 
filters. 

apply graphite-type belt dressing to the 
belt and bond the machines together and 
to ground. 

One other type of interference that 
can give you f i ts is power-line 
noise — noise generated by arcing at dirty 
or broken insulators, tree limbs touching 
the wires or faulty transformers. How-
ever, unless you live near the ocean or in 
an area of heavy air pollution, the in-

Nonmuuy CLOSED 
!TURN OFF) 

fig. 6. Noise from fluorescent desk tamps is particularly hard to cure — this circuit usually does 
the job. 

Oscillating tv boosters are another 
source of interference, but not on the 
lower amateur bands. The first step here 
is to check the neutralization of the 
oscillating stage, check the dress on the 
input and output leads and provide more 
adequate shielding. 

Remote ly -cont ro l led garage-door 
openers, if they use a superregenerative 
receiver, generate a lot of unnecessary rf 
interference that is best cured by re-
placing the culprit receiver with a non-
radiating type. 

Furnace ignitors, such as those used in 
oil burners, can generate an unbelieveable 
amount of hash that covers the lower 
amateur bands. Heavy-duty spark-plug 
suppressors and a line filter will usually 
quiet them down, but make sure that the 
burner unit, furnace and blower motor 
are all bonded together and grounded. 

If your interference is emanating from 
a highly industrialized area, belt static 
may be part of the problem. To cure this, 

sulators are usually cleaned by the rain. 
Crews from the power company try to 
keep branches trimmed back away from 
the lines, so that isn't often a problem, 
and modern oil-filled power transformers 
are designed for extremely long service. 
The result is that modern power distri-
bution systems are not prominent noise 
makers, although they may act as a huge 
antenna for other noise sources. When 
they are found to be responsible for rf 
interference the power companies are 
usually helpful in finding and fixing the 
cause. 
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4. Barron Kemp, "RF Interference Control 
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the rf bridge 
Sometimes an important idea goes un-
noticed or is not sufficiently developed to 
gain wide acceptance. Such, I believe, is 
the case of the radio-frequency bridge. 
The rf bridge has been marketed for 
many years by the General Radio Com-
pany;1 however, this precision instrument 
is probably too expensive for most 
amateurs. A moderately priced rf bridge, 
manufactured by Omega-t Systems,2 has 
been available for several years. Oliver 
Swan, W6KZK, described the basic circuit 
of the rf bridge in an earlier issue of ham 
radio.3 

Few hams seem to have recognized the 
advantages of the rf bridge over the 
simple vswr bridge. The rf bridge, for 
example, will allow you to optimize your 
antenna, thus reducing the dependency 
on a matching network. The rf bridge has 
other uses as well, some of which I'll 
discuss in the following paragraphs. 

the circuit 

The instrument consists basically of a 
broadband noise generator coupled to a 
bridge network by a wideband 1:1 balun 
transformer. By carefully compensating 
for circuit strays, the bridge upper fre-
quency limit can be extended to 450 
MHz. 

The circuit of fig. 1 was developed not 
without some difficulty, mainly in re-
ducing circuit strays and constructing the 
balun transformer. In its present state of 
development, this circuit is useful to 220 
MHz. 

The noise generator uses a zener in an 
unstable (thus noisy) mode by operating 
it at low current. It will pay to experi-
ment with the value of R1 for the highest 
noise level of your zener. When the 
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noise-generator output is amplified by a 
two-stage broadband amplifier, the instru-
ment is useful from about 1 to 450 MHz; 
again, the upper frequency limit is deter-
mined by how well wiring strays are 
compensated. 

construction 

Simple construction was used, with 
parts mounted on a perforated board. 
Battery power was used for maximum 
utility. Wiring the bridge circuit is tricky, 
as might be expected with broadband 
equipment. If the layout shown is fol-
lowed, you can expect good results. I feel 
there may be better layouts, and I'm sure 

Recommended replacement for the 
common vswr bridge — the radio-
frequency bridge and noise generator. 

•' • - . I . • • -
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that every unit built will be slightly 
different with regard to compensation for 
circuit strays. 

By far the most difficult part of the 

tennas, receivers, quartz crystals, and 
other series-resonant circuits. You will, of 
course, need a receiver for null detecting 
at the frequency of interest. 

noise GENERATOR RF 1MPEDENCE BRIDGE 

/. m - CHOOSE WtTABLE VAUX FOR BEST NOISE OUTPUT (AfPROX 2200 OHMS) 
2 TRANSISTORS • 2N9I8. 2N3363, OR HEP 36 
3 0.373 00 TVROIO FORM, INDIANA OENERAl Cf 1021 CORE MATERIAL 03 

fig. 1. Schematic of the rf bridge and noise 
generator, A . Windings A and B of the balun 
are no. 26 Formvar twisted 3 turns/inch before 
wrapping on core. Nine turns of the twisted 
pair are wound on the core. Winding C is also 
9 turns of no. 26 Formvar, continuing the A and 
B winding direction and connecting A 2 to B1. 

construction is the toroidal balun. The 
resultant transformer,4 shown in fig. 1 
has broadband characteristics that exceed 
those of the more common trifilar-wound 
units. Pay strict attention to details! 

The bridge section was laid out with 
regard to uhf performance, keeping wires 
on one side of the bridge equal to those 
on the other. Wiring strays are com-
pensated by balancing them with the 
exact capacitor combination that gives 
the best null. Because I have found the 
trimmer adjusts slightly differently on 6 
meters and higher, l assume there are a 
few sneaky rf paths. One suspect com-
ponent is the large carbon potentiometer. 
Our sophisticated doubts about the lay-
out are unfounded below 30 MHz, how-
ever. (Solid relief for the unsophisticated 
worrier.) 

This gem is self-contained in a Bud 
CU2103-A Minibox, ready to check an-

cal ibrat ion and use 

In theory, if not in practice, the 
100-ohm pot will balance any resistance 
placed in the "unknown" arm of the 
bridge. At one end of the scale is zero; at 
the other is infinity. Fifty ohms is mid-
rotation with a linear pot. A t 50 MHz and 
higher, I've found a rotational shift of the 
50-ohm (rf) point. This means a special 
calibration check will be necessary at very 
high frequencies (vhf). Normally, for the 
hf range, the dial calibration will hold. 
The best null is at midrotational scale. 
Because the null deteriorates at the ex-
tremes of rotation, it is not worthwhile to 
use the instrument beyond a 20-to 
300-ohm range. 

Calibration is performed using non-
inductive resistors of known values 
placed, then nulled, across the UNK 
terminal, with a receiver connected to the 
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REC terminal. Carbon composition re-
sistors are fine if values are known to 5%. 
Above 100 MHz, deposited carbon re-
sistors are preferable because of their low 
inductance. The dial plate should be 

vswr bridge; but without a tedious pro-
cedure, the lowest vswr will probably 
occur at a frequency different than that 
of optimum transmission. The rf bridge 
technique eliminates the tuning error, and 

Parts layout, which should be followed closely for trouble-free results. 

calibrated in the hf range, say 10 MHz. 
Trim the bridge capacitance for best null 
with a 50-ohm resistor and correct setting 
of the pot. Don't be too surprised if a 
50-ohm resistor changes value through 
the vhf range. 

antenna matching 

Tuning an antenna with a vswr bridge 
is a hit or miss proposition, because the 
vswr bridge confuses resistive and reactive 
impedances. I don't mean to imply that 
accurate tuning is impossible with the 

allows an accurate measurement of vswr 
once the antenna is correctly tuned. 

1. First connect the rf bridge directly 
to the antenna or at an electrical half 
wavelength away from the antenna. 
An electrical half wavelength is dif-
ferent from the physical length of the 
wire. You can determine the electrical 
half wavelength with this bridge by 
setting the bridge to zero and placing a 
short across the end of the trans-
mission line. Now cut small lengths 
from the line until a null is obtained at 

fig. 2. D e t e r m i n i n g one-half 
wavelength of transmission line 
when using the rf bridge for 
antenna measurements. 

TUNED TO FREQUENCY 
OF INTEREST 

I SHORT END AFTER 
EACH TRIAL CUT 
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the frequency of interest (fig. 2). 
Using a half wavelength or multiple 
thereof effectively places the bridge at 
the antenna, thereby reducing trans-
mission-line errors. 

RECEIVER NULL OCTECK 

X L 

u 
E L 

RF BRIDGE 
CIRCUIT TO BE MATCHED 

fig. 3. Arrangement for matching input circuits. 

2. Tuning the antenna to a frequency 
is the next step. You will find its 
resonant frequency by a null on the 
receiver. A sharper null will be seen 
with the bridge adjusted to the im-
pedance of the antenna system. Adjust 
antenna length until the null occurs at 
the desired frequency. 

3. By adjusting the matching section, 
tune your antenna to the desired 
impedance as shown by the rf bridge. 

other uses 
Any series-resonant circuit can be 

checked with the rf bridge. This, you will 
recall, is the combination that cannot be 
dipped easily on a grid-dip oscillator. 
Place the LC combination across the 
UNK terminal with the bridge dial set to 
zero. Tune receiver for null. See fig. 4. 

If a resistance is in series with L and C, 
the bridge will show its value. An inter-
esting example of an R, L, C combination 
is the quartz crystal. While this bridge has 
limitations in crystal measurements, it is 
utilitarian. Set the dial to infinity (mini-
mum noise for open circuit). Tune the 
receiver for an increase in noise at the 
resonant frequency of the crystal. Adjust 
the bridge for null. This value is the 
resistance of the crystal's R L C arm. In 
general, the lower this value, the higher 
will be the activity of the crystal. 

The rf bridge takes over where the 
vswr bridge leaves off. To my embarrass-
ment, the rf bridge singled out several 
mistakes in my station, as it may in 
yours. I feel certain that building this 
bridge will be the most rewarding project 
the experimenting amateur will undertake 
this year. 

fig. 4. C o n n e c t i o n s for 
checking series<resonant cir-
cuits. Network at right is 
the equivalent circuit of 
a quartz crystal. 

CI U Rl 
ne-

receiver input matching 
Provided you already have a receiver 

to act as a null detector, you will find the 
rf bridge invaluable for determining the 
optimum tap position for inputs to con-
verters, preamplifiers, and receivers. The 
procedure is the same as before, except 
that the UNK terminal is now connected 
to a receiver input. With the bridge dial 
preset to the desired impedance, adjust 
the tap on the antenna coil for best null 
(fig. 3). 

Grateful acknowledgement is made to 
Mike Ward, WB2YJK, for his efforts in 
the design of this project. 

references 
1. General Radio Co., West Concord, Mass. 
2. Omega-t Systems, Inc., 516 W. Belt Line 
Road, Richardson, Texas 75080. 
3. Oliver Swan, W 6 K Z K , "Impedance Bridge," 
ham radio, February, 1970, p. 67. 
4. C. L. Ruthroff, "Some Broad-band Trans-
formers," Proc. I R E , Vol. 47, August, 1959, 
pp. 1337-1342. 
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avalanche-
circuits 

Common transistors 

operated in the 

avalanche mode 

make excellent 

pulse generators — 

here's a simplified 

theoretical discussion 

and some 

application ideas 
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This article describes avalanche transistors 
in a simplified manner. Basically, the 
avalanche circuit is a way to generate very 
high peak-power pulses from very small 
transistors. For example, a common 
50-mW transistor can easily generate 
pulses with 100-W peak power. Such 
pulses not only have high power, but 
possess extremely fast rise times, which 
means they can generate harmonics into 
the lower microwave region. 

Avalanche circuits are very simple and 
are useful in applications that require 
generation of harmonics, such as in fre-
quency standards and in some types of 
low-level power generators at high multi-
plication ratios. When understood by the 
ham, more and more uses wil l be found 
for these circuits. 

The "avalanche transistor" is a method 
of operating most any transistor rather 
than any special kind of transistor. This 
mode of operation is so simple as to be 
disbelieved until you build a circuit and 
see for yourself what magnificent pulses 
it will generate. Fig. 1 is a schematic of a 
typical circuit. Most transistors will work 
in this circuit, and the rise time of the 
pulse is comparable to the highest fre-
quency of oscillation for the transistor 
chosen. For example, a 2N918, 2N706, 
or the transistors in t he^L9 t4 integrated 
circuit generate harmonics to about 1000 
MHz. 

how it works 
The transistor in fig. 1 operates simi-

larly to a zener diode. For many small 
transistors, the breakdown (zener) voltage 
from the collector-to-emitter junction is 
about 70-90 volts. This voltage depends 
on the base connection, which can have 
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several configurations, ranging from V c e o 

(base floating) to V c e v (base reverse 
biased). The collector-base junction 
breakdown voltage is shown in the device 
specification sheet as Vcbo- This para-

+100 ID 300 V 

MOM-POWER 
OUTPUT PULSES 

O 

m rfr 
fig. 1. Basic circuit of an ordinary transistor 
operating in the avalanche mode. 

meter specifies the breakdown voltage 
with the collector-base junction reverse-
biased, and with emitter open-circuited. 
All of these breakdown-voltage para-
meters are given at a specific ambient 
temperature, usually 25° C. 

When the transistor base is connected 
to the emitter, the transistor remains off, 
and only about 0.5 mA of collector 
current flows. This low current is due to 

charging circuit 
When avalanche breakdown occurs, 

the current flow due to the charged 
capacitor, C, is limited only by the load 
resistor, R|_, and the small internal re-
sistance of the transistor. If C were very 
large, the transistor would literally ex-
plode. Capacitor C is small in value to 
keep the current flowing just a little 
longer than its rise time, since nothing is 
usually gained by keeping the current 
flowing longer. 

Capacitor C charges to the zener 
voltage at which the transistor operates; 
and during discharge, the current pulse in 
R l is that voltage (70 V for example) 
divided by R|_, or about 1.4 A. The 
peak-pulse power is 70 V times 1.4 A, or 
about 100 W. The current flows for about 
two R|_C time-constant periods. In this 
example, R l is 50 ohms and C is 20 pF; 
so the time constant is about 1 nsec. The 
pulse across R l will therefore look some-
what like that shown in fig. 2. 

This powerful pulse is about equal to a 
single half wave of a 250-MHz 100-watt 
cw transmitter. Due to the high power, 
harmonics will be heard above 500 MHz. 

fig. 2. Approximate 
current pulses when 
load resistor R|_ = 
50 ohms. Time con-
stant, R|_C, is ap-
proximately 1 nsec 
in A; 1 00 nsec in B. TIME (NANOSECONDS) 

0 OS 
(MICROSECONDS) 

the zener action and the current-limiting 
resistor, R s . 

When the base voltage increases to 
more than about 0.5 V above the emitter 
voltage, avalanche breakdown occurs. The 
transistor is then virtually a short circuit, 
and it will pass a high current. The 
voltage across the collector-base junction 
collapses in about 1 nsec for many vhf 
transistors. 

Avalanche is controlled by a synchro-
nizing signal introduced into the base-to-
emitter circuit. Avalanche action occurs 
each time the input voltage rises above 
the 0,5-V trip point. Shown in fig, 3 is a 
typical firing sequence when a sine-wave 
signal triggers the circuit. 

If the input signal were 10 MHz, for 
example, this circuit using a 2N918 could 
generate harmonics to 1000 MHz. Zero 
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beating the 10-MHz source with WWV 
would yield a signal at 1000 MHz ac-
curate to better than 200 Hz. Not bad for 
a one-transistor circuit! 

design details 
Reviewing fig. 1, let's look at the input 

circuit from base to emitter. A coil was 
used, and rf was impressed across the coil. 

the base resistance (or impedance, if it's a 
coil) is too low, it will be difficult to 
drive a 0.5-volt signal across the base-
emitter junction; so don't go overboard 
on the low side either. 

erratic triggering 

If a tricky application causes erratic 
firing due to pulse pickup, which you 

• 300V 

fig. 4. Example of a diode used to 
protect drive circuit. 

OUTTVT 
O/OO WATT PEAK POWER 

IOO KC HARMONICS 

r+y 0SC VHF 0R0UNDINS 
Tzamioue 

A low-value resistor could have been 
used. So long as the total resistance in the 
base circuit is less than a few-hundred 
ohms, the circuit will remain off until 
fired by the input signal. Remember that 
the zener current comes out the base. 

If 0.4 mA flows, for example, the total 

fig. 3. Relationship between 
avalanche>pulse voltage across 
the load resistor and a sine-
wave trigger voltage. 

resistance in the base must be low enough 
so that 0.4 mA won't cause more than 
about 0.2-volt drop across the base-
emitter junction. More resistance will bias 
the circuit so that erratic firing will occur 
from noise or stray pickup. Obviously if 

can't suppress, a bias of 1.5 V from a 
battery in series with the base resistor will 
restore stability. The input trigger voltage 
must overcome the added bias in this 
case, and a 2-volt trigger will be needed; 
but immunity from false-firing signals will 
be greatly enhanced. 

If you don't use good uhf grounding 
technique, the pulse can feed back into 
the drive circuits. For example, the pulse 
can easily cause a 10-20-volt drop across a 
1-inch emitter-lead length. That voltage 
will couple back into the trigger circuit 
and possibly upset it. A shorter emitter 
lead is obviously the answer; but if the 
shortest lead you can get still fouls up, 
use a diode to block the spike, as is 
shown in fig. 4. The ground should be 
within about 1/8 inch of where the lead 
exits from the transistor can for best 
results. 

collector circuit 
Now, let's look at the collector circuit 

to complete our design comments. The 
power dissipation of the circuit must be 
kept below the rating of the transistor. 
The zener voltage (70 V) times the 
current (0.4 mA) gives the dissipation (28 
mW). The current in the transistor need 
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only be large enough to recharge 
capacitor C between firing times. The 
recharge time constant is RSC. 

A l low two time-constant periods 
between firings for peak output. The 
circuit wil l fire at much less, however; it 
will fire even if C doesn't fully recharge, 
but reduced pulse amplitude wil l result, 
and stability will be a bit more fussy. 

• /2V 

-OS ID B VOLTS 
OUTPUT PULSES 

fig. 5. Typical circuit to permit use of low-
voltage power supply. Transistor emitter 
and collector are reversed forthisapplication. 

transistor (inverting it), we can get zener 
action at low voltage. 

Fig. 5 shows a transistor with emitter 
and collector transposed. The zener 
voltage will be about 5-10 V, and the 
circuit may be operated from a 12-V dc 
supply. 

avalanche oscillator 
If resistor Rs is made adjustable, the 

circuit in fig. 6 can be made to fire at a 
submultiple of the input signal, and you'll 
have what is known as an avalanche 
oscillator. Synchronization is a bit tricky, 
especially if the 12-volt supply isn't well 
regulated, but this one-transistor circuit 
can divide just like flip-flops or neon-bulb 
RC oscillators. 

Because of their narrow width, the 
pulses generated by these circuits are hard 
to see on regular oscilloscopes, but 
usually something will show up on a 
4-MHz scope in a darkened room. 

/ VOLT INPUT 
mrnat 

o 

m 

power dissipation 

Resistor Rs must be chosen to yield 
low current to stay within power-dissipa-
tion ratings as well as high firing by using 
a regulated voltage just larger than the 
zener level, and a low value for Rs to give 
high recharge current but low idling cur-
rent. Power loss during discharge plus 
idling dissipation must remain within tran-
sistor ratings. 

If you make C too large the junction 
can melt during a pulse or after a few 
pulses. The maximum C value must be 
found experimentally. More than .001 {jlF 
gets risky, but up to .01 i iF can be used 
with some transistors. Expect to melt a 
few semiconductors when playing with a 
large C value. 

low-voltage applications 
A common problem with these circuits 

is the requirement for a high-voltage 
source. Very high pulse power is ob-
tainable when high voltage is used, but 
many solid-state circuits use much less 
powerful pulses. By merely reversing the 

fig. 6. A free-running avalanche os-
cillator synchronized to a sub-
harmonic of the input signal. 

conclusion 
Well, there you have it — brief, but 

with all the basics. These little gems will 
allow you to generate everything from a 
controlled, hefty, 1000-MHz calibration 
signal to one of the dangdest noise 
makers going. 

Considerable circuitry can be elimin-
ated in some applications. An avalanche 
circuit on the output of my 5-kHz cali-
brator produces S-9 signals up to 10 
meters. This makes it mighty easy to find 
my own signal when calibrating. 

ham radio 
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low-power 

and 

indicating 

wavemeter 

These 

ultrasimple circuits 

will introduce you 

to micropower 

communications — 

and a lot 

of operating fun 

transmitter 
An interesting and challenging part of 
amateur radio that deserves more atten-
tion is communications using very low-
power equipment. This is known as 
"QRP" operating. The name is derived 
from the international list of radio Q 
signals and means, literally, "reduce your 
power." 

A most informative article on this 
operating mode is by Art Child, W6TYP 
(reference 1). Among other accomplish-
ments using very low power, Art has 
made a 354-mile, two-way radio contact 
using a power input of 354 microwatts. 
This figures out to be one-million miles 
per watt. Undoubtedly this record has 
since been shattered, but it typifies one 
of the objectives of the QRP Club, which 
has several thousand members throughout 
the world.* 

g One of the problems when working 
with extremely low power is adjusting the 

o> transmitter for maximum output. With 
c power of the order of microwatts, a 
o pick-up loop and flashlight-bulb arrange-
15 ment just doesn't have sufficient sensi-
H tivity to give a good indication of maxi-
g> mum transmitter performance. A receiver 
q with an S-meter could be used for peak-
is ing the output of a micropower trans-

mitter, but many hams don't have re-
| ceivers with this refinement. 
• In QRP work, every bit of available rf 
w energy is important. The slightest mis-
| adjustment of the transmitter can mean 
JS the difference between success and failure 
^ in making a contact. This article describes 
g{ a simple indicating device that will aid the 
^ QRP enthusiast in adjusting the trans-
it mitter for maximum output. Also in-
§ eluded is a schematic of a typical QRP 
5 transmitter for those who might wish to 
g* try their luck in the gnat-power regime, 
js 
S *The QRP Club recording secretary is F. 

Behrman, K7LNS, 3425 S. E. King Road, Mil-
< waukie, Oregon. 

26 [ 3 december 1970 



field-strength indicator 
The circuit of fig. 1 is simplicity itself. 

The arrangement to the left of the tran-
sistor is nothing more than a wideband 
diode detector and an rf-pick-up wire. 
This circuit has appeared in various forms 
in many amateur publications. The tran-
sistor circuit improves things by allowing 
a milliammeter, rather than a more ex-
pensive microammeter, to be used as an 
indicating device. The transistor operates 
as a current amplifier. With an input of 
100 microamps applied to the emitter, 
a range of 0-100 microamps (approxi-
mately) can be measured with a 0-1 dc 
milliammeter. The circuit could be made 
more sophisticated to improve measure-
ment accuracy, but all we're interested in 
is adjusting a Q R P transmitter for full 
output power. Thus a relative indication 
is adequate for this purpose. 

construction 
I built my Q R P field-strength indicator 

on a 2-inch-square piece of perf board, 
which fits nicely inside a universal meter 
case. I used an aluminum case, which 
costs a little more than the steel variety, 
but the aluminum is nonmagnetic and 
much easier to work with.* The finished 
unit has many other uses around a ham 
station. It's a great help when neutralizing 
rf amplifiers, or for making antenna 
adjustments. It can also be used as a 
detector for a-m phone signals. 

A short length of vertical wire as a 
pickup antenna is adequate for use with 
transmitters of a few milliwatts or so. 
Sensitivity can be improved by using a 
2-turn loop about 2 inches in diameter in 
place of the vertical antenna. Each pickup 
antenna (rod and loop) may be soldered 
to a phono plug for easy substitution. 
The loop works best when using the unit 
for neutralization. 

Thus the indicating device is really 
nothing more than an improved version 
of the loop and flashlight bulb we used 

•Available from Allied Electronics, 100 N. 
Western Ave., Chicago, Illinois 60680. Stock 
no. 42F8542; $1.80 each. 

for tuning up our tnt oscillators in the 
olden days. Those who have tried to peak 
the power output of a Q R P rig while 
trying to discern the barely perceptible 
glow of a flashlight bulb in a darkened 
room will appreciate this little gadget. 

qrp transmitter 
Most serious Q R P hams try to build 

the simplest possible transmitter using a 
bare minimum of components. Although 
the oscillator shown in fig. 2 could be 
simpler, I've found this circuit to be the 
best compromise between reliability and 
simplicity. For example, many Q R P rigs 
feed the antenna through a fixed capaci-
tor tapped directly onto the tank coil, 

6-a INCH #0£> 
NO 14 WIRE 

m f.stoc 
fig. 1. Rf indicating device for Q R P transmitter 
tuneup. Current amplifier increases sensitivity 
of the milliammeter by a factor of ten. 

thus eliminating the coupling link and its 
mounting hardware. The direct-feed 
method, while certainly not the best 
example of good engineering practice, is 
okay for some situations. However, it's 
probably one of the most efficient har-
monic radiators one could come up with. 
It seems improbable that a transmitter 
running such low power could cause 
interference to other services, but it can 
and has happened. In my case this little 
rig, running about 50 mW input on 21 
MHz and using the direct antenna-cou-
pling method, put a healthy 5th harmonic 
signal into the middle of the fm broadcast 
band on a neighbor's receiver. The 
problem was remedied by changing to the 
inductive-coupling method shown in the 
drawing. 
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construction 
This little oscillator was built on a 

piece of perf board, which was trimmed 
to press fit inside a small metal box such 
as throat lozenges come in. The box 

9 TURNS NO 24 
ON t/Z ftCH OtA PORN 

ANTENNA 

3 TURN LINK 

3-9VDC 

fig. 2. Typical QRP transmitter for 15 
meters. It might be necessary to experi-
ment with the feedback component 
values to obtain oscillation consistent 
with transmitter loading and good keying. 

the latter). The purists strive to limit their 
equipment to the barest of essentials, 
including receiver and antenna. While this 
is a very noble attitude, it requires the 
patience of a monk and unlimited time 
for operating. I tried the purist approach 
for awhile and managed to work one 
station. This fellow was operating mobile 
and heard my minibeeper when driving 
past the house. The QRP rig was loading a 
bedspring for an antenna. The contact 
lasted all of three blocks, so I finally gave 
up and connected the rig to the regular 
station antenna. 

Working stations in the QRP mode 
under austere conditions is certainly an 
admirable achievement. If that's your 
bag—fine. But I've found that a good 
antenn3 and selective receiver make QRP 
operating less nerve wracking and much 
more fun. 

reference 
I .Ar thur Child, W6TYP, " Q R P - A New 
World to Conquer," 73, May, 1969, p. 46. 

ham radio 

measures 1 x 2 x 3Vs inches and has a 
hinged lid. I mounted the crystal holder, 
tuning capacitor, and antenna output jack 
on the lid. When closed, the box makes a 
tidy package that fits in a shirt pocket. A 
coat of aluminum spray lacquer com-
pletes the job. 

With small-signal transistors now avail-
able by the sackful for very little money, 
you could probably substitute a less-ex-
pensive device for the Motorola 2N3323s 
used in these circuits. However, at 60 
cents each I felt that the 2N3323 was 
more than worth the price. It exhibits 
good power gain well into the vhf region 
and works well in both applications 
shown. 

final comments 
It seems that there are two camps 

among QRP operators, the purists and 
those not so pure (I happen to be one of "This looks like an ideal spot." 
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a synchronous-
phase 

afsk oscillator 
for 

RTTY 

This circuit 

meets all requirements 

for generating 

the high-quality 

tone sinusoids 

necessary 

when using 

ssb transceivers 
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Audio frequency shift oscillators used to 
encode RTTY signals must operate in 
conformance with good design practice to 
avoid adjacent-channel interference. 
When an afsk oscillator is used with an 
ssb exciter to transmit carrier-shift fsk on 
the hf bands, the afsko must generate 
stable, sinusoidal tones. The ratio of 
space-tone to mark-tone amplitude must 
be variable to allow compensation for the 
combined frequency response of the 
microphone audio amplifiers and the 
crystal filter. This capability is required 
for adjusting the afsko so that the carrier 
power will be constant for both space and 
mark transmission. Finally, the most 
important afsko requirement for mini-
mizing spurious signal generation on hf 
RTTY is that the transition from one 
tone to the other be accomplished with-
out a phase discontinuity. The syn-
chronous-phase afsko described here has 
all the required capabilities for generating 
the high-quality afsk waveforms required 
for transmitting carrier-shift fsk using an 
ssb exciter or transceiver. 

The oscillogram of fig. 1 shows the 
input-output characteristics of the 
synchronous-phase afsk oscillator. A 
positive input voltage greater than 0.7 
volt constitutes a space command. The 
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mark tone is generated for an input 
voltage less than 0.7 volt. 

control circuit logic 
The afsko uses a Signetics SP620A 

flip-flop IC.* The 620A is a dc-triggered, 

fig. 1. Input-output characteristics of the 
synchronous-phase afsk oscillator. Top is the 
input signal, 5 volts/division. Bottom is output 
signal 1 volt/divison, 1650 Hz mark, 2500 Hz 
space. Horizontal scale is 1 millisecond/division. 

master-slave flip-flop that can be switched 
synchronously by using the J and K 
inputs together with a clock. The rising 
clock pulse cuts the slave off from the 
master. As the clock pulse rises still 
higher, it allows the logic at the J and K 
inputs to be set into the master. Then 
when the clock pulse returns to its low 
level, the state of the master is transferred 
to that of the slave which, in turn, sets 
the output levels. Transfer gate and 
master flip-flop gate thresholds are 
separated by sufficient voltage to guar-
antee that input and transfer cannot 
occur simultaneously. 

The flip-flop logic diagram, composed 
of A N D and NOR gates, is shown in fig. 
2. Fig. 3 shows the input, clock, and 
output waveforms for synchronous opera-
tion. The inputs can be switched at any 
time, but the outputs switch to obey the 
input command only on the trailing edge 
of a positive clock pulse. The flip-flop 
functions as an electronic delay line. 
When a change in the input signal occurs, 

*The SP620A (price $3.50) is available from 
Compar Corporation in Huntsville, Alabama; 
Glendale, California; Harnden, Connecticut; 
Seattle, Washington; and other locations. 

the new signal is delayed by the flip-flop 
until the next clock pulse trailing edge, at 
which time the new signal appears at the 
Q and Q output terminals. The delay time 
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is variable and can range from 65 nsec to 
infinity, depending upon the clock pulse-
to-pulse interval. 

the afsko circuit 

Figs. 4 and 5 are the functional block 
diagram and schematic of the syn-
chronous-phase afsko. The input signal to 

IS=»=s3l 
fig. 3. Switching characteristics of the SP620A 
IC. Vertical scale, all traces, 0 to + 6 volts, 10 
volts/division. Horizontal scale Is 1 milli-
second/division. 

conducts for any input voltage greater 
than 0.7 volt. Q5 is off for any input 
voltage less than the 0.7-volt threshold. 
D8 protects Q5 by preventing excessive 
reverse bias being applied to the Q5 
emitter-base junction. D8 also allows the 
afsko to be driven by a source having an 
ac-coupled output, since D8 provides a 
discharge path for the driving-source out-
put capacitor. S1 is a reversing switch 
that allows the space and mark signals to 
be inverted; thus the afsko can be used on 
either lower or upper sideband. 

sine-wave oscillator and buffer 
The basic sine-wave oscillator1 consists 

of the complementary amplifier (Q3 and 
Q11) and a tuned LC circuit. The tuned 
circuit, composed of L1 and one of three 
capacitors (Csn, C s w , or C m ) , is switched 
in parallel with L1. Only one of the three 
capacitors is in parallel with L1 at any 
given time. Q1 switches the mark-tone 
capacitor, C m , into and out of the oscil-
lator circuit. S2B selects the desired 
space-tone capacitor; Cs n for narrow-shift 

CLOCK 

fig. 4. Block diagram of the 
synchronous-phase afsko. 

the afsko is processed by Q5-Q6, which 
provide complementary inputs to the 
flip-flop. Q5 is a threshold detector that 

fig. 5. (right) Synchronous-phase afsko sche-
matic. Capacitors Csn, Csw, Cm must be 
selected for space and mark tone frequencies. 
See text. 
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C s n> C s w > C m select for desired narrow-shift 
space, wide>shift space, arid mark tone 
frequencies. See fig. 11 and table 1 for 
capacitance values. Use capacitors having 
a voltage rating of > 20 v 

C k select for the desired 
frequency shift 

cw identification 

J 1 " J 3 tyP e C-11, 'A-in. phone-jack, or equivalent 

L t 88 m H 

\-2 22 mH. Use only one winding of an B8-mH 
toroid 

D 1 1N753, 6.2 V zener (price $1.05) or 
equivalent 

D 2 - Dg 1N251 (30 Volts P IV. Price 32(0 or 
equivalent 

Qf - Q 3 2 N 4 3 S 5 (price 55*) or equivalent 

Q 4 - Q14 2N3568 (price 32*) or equivalent 

S P620A Signetics flip-flop (see Text) 
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operation, or C s w for wide-shift opera-
tion. Q2 switches the selected space-tone 
capacitor in parallel with L1 only during 
space intervals. Actually, these capacitors 
are switched to the +6 volt power supply, 
but C1 provides an ac short circuit from 
the power supply to the grounded side of 
L1. 

The oscillator drives a buffer stage, 
Q14, which prevents oscillator loading. 

fig. 6. Time relationship between clock pulse 
and afsk oscillator output-signal waveform. 
Clock trailing edge occurs at positive peak of 
output waveform. Top is output signal, 0.5 
volt/division. Bottom is clock signal, 10 voits/ 
division. Horizontal scale Is 0.2 milliseconds/ 
division. 

The buffer drives a differentiator, Q12. 
The function of this differentiating 
circuit is to generate a signal when the 
output sine wave reaches its positive 

fig. 7. Time relationship between output signal 
and collector voltage on mark-space capacitor 
switches, Q1 and Q2. Top is output signal, 1 
volt/division. Center is Q2 collector, 10 volts/ 
division. Bottom is Q1 collector, 10 volts/ 
division. Horizontal scale is 1 millisecond/ 
division. 

fig. 8. Effect of balance control setting afsk 
oscillator output waveform. Mark, space, and 
switching frequencies are respectively 1650, 
2500, and 100 Hz. Top Is output waveform of 
properly balanced afsk oscillator. Center Is 
balance control set fully counterclockwise. 
Bottom Is balance control set fully clockwise. 
Vertical scale is 0.5 volts/division; horizontal 
scale is 2 milliseconds/dlvison. 

peak. At this point in time, Q12 is turned 
off and the inverter, Q13, is turned on, 
thereby providing a +6-to-OV transition 
signal to the clock terminal of the flip-
flop. This high-to-low transition is the 
trailing edge of the positive clock pulse. 

timing 
Fig. 6 shows the time relationship 

between the output sine wave and the 
clock pulse. The afsko is allowed to 
switch frequencies, from mark to space or 
vice versa, only at the time when the 
output sine wave reaches its peak; and 
only if the afsko input signal was changed 
during the previous period of the output 
waveform. _ 

The Q and Q flip-flop outputs drive 
the current amplifiers Q8 and Q7. These 
current amplifiers provide the high base 
current required by the capacitor 
switches, Q1 and Q2. These switching 
transistors must support the circulating 
L1-C tank circuit currents. 

At any given time, one of the capaci-
tor-switching transistors (Q1 or Q2) will 
be on, while the other is off. Because the 
capacitor switching occurs at the positive 
peaks of the periodic output waveform, 
the collector-to-emitter voltage on Q1 
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fig. 9. Output waveforms of the afsk oscillator 
showing quality of mark and space tones. Top 
is mark tone, 1650 Hz. Bottom is space tone, 
2500 Hz. Vertical scale is 0.5 volt/division; 
horizontal scale is 0.1 milliseconds/division. 

arid Q2 is always zero or some negative 
value. Fig. 7 shows how the collector 
voltages of both Q1 arid Q2 vary with 
respect to time as the afsko is electrically 

R24 for wide-shift operation. The 
selected balance potentiometer provides a 
voltage to the voltage-controlling circuit 
composed of Q4, Q9, and Q10. This 
circuit controls the voltage that provides 
power to the sine-wave oscillator, so that 
the mark-to-space tone amplitude ratio 
can be varied. When the afsko is used to 
drive an ssb exciter, this ratio should be 
adjusted for equal space and mark carrier 
power. Fig. 8 shows the high-quality afsk 
modulation waveform generated when 
the balance control is adjusted properly. 
Also shown are conditions of unbalance 
that can be used to compensate for a 
nonuniform combined frequency re-
sponse of the microphone amplifiers and 
the sideband filter. When unbalanced, the 
output waveform reaches its equilibrium 
amplitude within 2 ms (less than 10% of 
the bit time for 60-wpm teletype) after a 
change in tone frequency. R23 controls 

,fig. 1 0. Timing diagram of 
the afsk oscillator. 
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commanded to switch from space to 
mark and vice versa. 

narrow and wide shift 
Switch S2A selects one of two balance 

potentiometers; R22 for narrow shift and 

the afsko output amplitude, which can be 
varied from zero to 1 volt p-p. The 
output waveform is a high-quality 
sinusoid. 

Fig. 9 shows the waveform quality for 
a mark tone of 1650 Hz and a space tone 
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table 1. Recommended tone frequencies and capacitor values.* 

space tones 

upper sideband 

mark tone 2500 Hz 

key-down tone 2000 Hz 

2330 Hz (narrow shift) 

1650 Hz (wide shift) 

C m = 0.045 JUF 20V 

C k = 0.036 ptF 20V 

C s n = 0.055 }J.F 20V 

C s w = 0.11 (XF 20V 

space tones 

lower sideband 

mark tone 1650 Hz 

key-down tone 1450 Hz 

1820 Hz (narrow shift) 

2500 Hz (wide shift) 

C m = 0.11 MF 20V 

C k = 0.036/iF 20V 

C s n = 0.094 fJLF 20V 

C s w = 0.045 fXF 20V 

*Note: Most capacitors have 20% tolerance, requiring hand selection for best frequency accuracy. 

of 2500 Hz. The results of distortion-
analyzer measurements made on the 
output signal from the afsko show a 
waveform distortion of less than 4% for 
any tone frequency below 3.5 kHz. The 
frequency stability is better than 0.2%, 
including the effects of balance control 
setting. 

The waveforms at various points in the 
afsko when S1 is in the "normal (Isb)" 
position and S2 is set for wide-shift 
operation are shown in fig. 10. 
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FREQUENCY Mi) 
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fig. 11. Curve for determining capaci-
tance for the three tone frequencies. 

conclusion 
The afsko can be operated with either 

Isb or usb ssb transceivers. The selection 
of tone frequencies should be made so 
that, in normal operation, the mark fre-
quency doesn't change when switching 
from wide to narrow-shift. The three tone 
frequencies can be independently con-
trolled by selecting the proper values for 
C s n , C s w , and C m . Fig. 11 can be used to 
select the proper capacitance value for 
the three selected tone frequencies. Table 
1 gives recommended capacitance values 
for usb and Isb operation. The recom-
mended capacitor values aren't standard, 
so parallel combinations of two or more 
capacitors may be used, including very 
small capacitors for fine frequency adjust-
ments. 

The choice of semiconductors isn't 
critical, except that silicon transistors and 
diodes must be used. Bias conditions are 
designed to make use of the forward 
voltage drop (0.7 V) across a silicon 
diode, and capacitor switching must be 
done with low-leakage silicon transistors. 
The physical layout of the components 
isn't critical, and special construction 
techniques aren't required. 

reference 
1. D. H. Phillips, "An Audio Sinusoid Genera-
tor," 73, September, 1969, pp. 88-89 and 
October, 1969, p. 131. 
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Surplus transistors are readily and inex-
pensively available from many sources. 
However, a large number of these tran-
sistors are either unmarked or marked 
with some undecipherable number. This 
is especially true of transistors on surplus 
computer boards. 

An attempt to obtain data on these 
transistors by writing to manufacturers 
will result in a great deal of frustration, as 
manufacturers will not usually release 
specifications on specially marked de-
vices. So if the transistors are to be of any 
value, the only solution is to identify and 
grade them. This article describes several 
such techniques that you can apply in 
your own workshop. Using simple cir-
cuits, you will be able to identify polarity 
(pnp or npn) and grade the devices into 
three general categories: 

1. Audio (low beta). 

2. Audio (high beta). 

3. Rf types. 

The techniques described here apply 
only to small-signal transistors and won't 
work for large-signal or power devices. 
The culls from the grading process will, in 
most cases, be of the latter type. These 
can be saved and used with other tech-
niques for grading. 

circuit applications 
For most practical purposes, tran-

sistors of the same polarity within a given 
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group (small-signal devices) can be used 
interchangeably. These general categories 
provide a starting point when building 
transistor circuits. The desired circuit is 
built, and the category of the required 
transistor is determined. Graded tran-

When the positive lead of the ohmeter 
is placed on either collector or emitter, 
the ohmeter should show a low resistance 
if the transistor is pnp. Now reverse the 
ohmeter leads; a high resistance should be 
indicated between base and collector and 

• Q " O - O ^ ^ 

c 
3-LEAD 

E 

4- LEAD 

E 
NO TAB SQUARE CAN puanc 

NOTE: RED DOT MAY BE USED 70 IDENTIFY COLLECTOR 

fig. 1. Base connections for many small-signal transistors. Metal-case and plastic-encapsulated-device 
bases are shown. 

sistors of the proper category are then 
substituted into the circuit until optimum 
performance is obtained. In most cases, 
you'll find that just about all transistors 
in a given category will work equally well. 
The exception will be in circuits con-
sidered by the designer to the critical. 

between base and emitter. 
With the ohmeter negative lead on the 

base, a high resistance should be found 
between base and both emitter and col-
lector if the transistor is npn. Reversing 
the leads should produce a low-resistance 
reading. 

fig. 2. Ohmeter connections 
for finding transistor polar-
ity. Resistance readings de 
tarmine whether unknown 
device is pnp or npn. PNP NPN 

pnp or npn? 
Transistor polarity must be deter-

mined before the devices can be graded 
into their general categories. To separate 
them into pnp or npn types, use an 
ohmeter and refer to the base diagrams in 
fig. 1. Place the ohmeter negative lead on 
the base lead of the transistor to be tested 
(see fig. 2). 

It's always wise to reverse the ohmeter 
leads during this test to ensure the tran-
sistor isn't shorted. If a low resistance is 
measured between base and either col-
lector or emitter, with the ohmeter in 
both normal and reversed positions, the 
transistor is shorted. 

If, when testing a transistor, a low-
resistance is found between base and one 
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lead; and a high resistance is found 
between the base and the other lead, the 
transistor is bad or you don't have the 
base identified correctly. 

determining lead connections 
In cases where you're uncertain of lead 

connections, the following procedure 
may be used to determine the proper 
connections. 

Looking at fig. 3, label the three 
unknown leads so you won't become 
confused during the test. Since you have 
three leads, there is a possibility of three 
arbitrary pairs. In the example shown, the 
pairs would be xy, xz, and zy. Select a 
pair at random, then connect the ohmeter 
so that the ohmeter reading is lowest. 
Now, short the third lead to each of the 
other two leads. If the resistance increases 
when shorting this lead to one of the 
others, the unpaired third lead is the 
transistor base. The lead to which the 
base is shorted to cause an increase in 
resistance is the emitter. 

With the ohmeter connected as above, 
shorting the third lead to one of the other 
two should produce an increase in re-
sistance if the third lead is the base. If 
not, it will be necessary to repeat the 
procedure with the other pairs until the 
right combination is found. This method 
isn't foolproof and may not work for 
some transistors. In such cases the base 
still can be identified, but you may not 
be able to identify the emitter and 
collector. 

If, when using the preceding tech-
nique, the base can't be identified; and if 
you notice a high resistance in both 
directions for a given pair of leads, then 
most likely the third lead is the base. This 
can be checked by assuming this lead is 
the base and connecting the ohmeter 
between it and the other two leads to 
determine if the transistor is pnp or npn. 
If you can successfully determine tran-
sistor polarity, then you have correctly 
identified the base lead. The collector and 
emitter can be identified by reversing the 
two unknown leads during one of the 
grading tests. 

The rough grading of transistors is 
accomplished using three simple circuits 
that will separate the transistors into four 
general categories: 

1. Audio transistors with a beta (dc 
current gain) of less than 120. 

2. Audio transistors with a beta of 120 
or greater. 

fig. 3. Identifying transistor leads. Leads are 
labeled as shown; ohmeter leads are alternated 
to obtain lowest reading. The third lead, x, is 
shorted to one of the other transistor leads. If 
resistance increases, x is the base lead. The lead 
to which the base is shorted to obtain a 
resistance increase is the emitter; remaining 
lead is the collector. 

3. Transistors usable at radio fre-
quencies. 

4. Transistors not gradeable by these 
methods. 

Be sure in all tests to observe proper 
battery polarity for pnp and npn, or 
erroneous results will be obtained. 

checking transistor beta 
The first step in grading transistors is 

to determine their approximate beta. The 
circuits of figs. 4 and 5 are used. Connect 
the circuits together; then place two 
known transistors, such as the HEP251, 
into the circuits. Note that transistor 
sockets must be used. 

Connect the battery and either a pair 
of headphones or a scope, as shown in fig. 
5. Adjust R1 until oscillation occurs, 
indicated by a tone in the headphones or 
a trace on the scope. Now substitute the 
transistors to be tested, one at a time. 
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into the circuit of fig. 4 and note whether 
oscillation occurs. If such is the case, the 
transistor has a beta of 120 or more and 
can be placed in the high-beta category. 
The twin-tee oscillator in this circuit will 
not oscillate with transistors having a beta 
Jess than 120. If the circuit won't os-
cillate, save the transistors for use in the 
remaining two tests. 

-f 
6 TO a v 

I REVERSE POLARITY FOR HPN) 

fig. 4. A twin-tee oscillator used to 
determine beta of unknown tran-
sistors. 

identifying emitter and collector 
Suppose you were able to identify 

only the base lead during the polarity 
tests described earlier. The unknown 
leads should now be reversed, while 
keeping the base connection unchanged, 
until the circuit oscillates. If oscillation 
still does not occur, then again save the 
transistor for the remaining two tests and 
reverse the leads in these tests until 
results are obtained. 

Don't hesitate to reverse the leads, as 
it's unlikely that you'll zap the transistor. 
Even if you should burn out an occasion-
al transistor, you've lost nothing because 
an unidentifiable transistor is of no value 
anyway. Note that in some cases during 
this test it may be necessary to vary R1 
until the circuit oscillates. 

The transistors in this category are to 
be considered as having a high beta and 
may be used in circuits requiring such a 
device. 

amplification test 
Transistors that fail during the high-

beta test should be tested to see if they 

will amplify. To perform this test, setup 
the circuits in figs. 4 and 5. If possible, 
use a scope instead of headphones, as 
additional information can be obtained. 

Replace the known transistor in the 
circuit of fig. 5 with the transistor to be 
tested, observing the correct battery 
polarity. Note whether amplification 
occurs, as indicated by an increase in the 
tone in the headphones or a change on 
the scope trace. If amplification occurs, 
the transistor is good and is in the 
low-beta category. 

oscilloscope clues 
When using a scope for these tests, 

note whether part of the waveform is 
distorted or clipped. If this is the case, 
then most likely the transistor is in the 
large-signal class or in a class that can't be 
properly graded by these techniques. 

If the scope reveals no amplification 
whatever, even badly distorted amplifica-
tion, the transistor is probably bad or is 
in the category "ungradeable by these 
methods." Transistors in this low-beta 

imrrmm 

s TD 12V 
(REVERSE POLARITY FOR NPN) 

fig. S . Circuit used with that of 
fig. 4 in the amplification test. 

class can be used for most general applica-
tions in which a low-beta device is 
acceptable. 

rf test 
Any of the transistors in the previous 

cases can be given the rf test, regardless of 
whether they passed or failed any of the 
earlier tests. 

For the rf test, use the circuit shown 
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in fig. 6. Choose a crystal within the 
range of your receiver. Choose the con-
stants of C1, L1 to resonate within the 
appropriate range. Use a 2N706 or equi-
valent for Q. Note that battery polarity is 
important for the device chosen. 

Adjust C1 until oscillation occurs. Set 
C1 midrange between the two points 
where oscillation ceases. If a receiver isn't 
available, a grid-dip oscillator set to the 
diode position can be coupled to L1. I've 
shown circuit constants in fig. 6 for the 
ranges in which I separate my transistors: 
up to 30 MHz and up to 50 MHz. By 
using the proper crystal and circuit con-
stants, transistors can be graded into any 
desired radio-frequency range. 

Once the circuit is oscillating with the 
2N706, simply plug in the transistors to 
be tested, one at a time, and note 
whether oscillation occurs. If the circuit 
oscillates, you know the transistor is good 
up to the frequency of the crystal. It 
shouldn't be necessary to reset C1 for 
different transistors. If no oscillation 
occurs, the transistor is not an rf type. 

power, voltage, and current 

It's very difficult without manu-
facturers' specifications to determine 
power, voltage, and current ratings of 
unknown transistors. The assumption I 
make is that all the transistors w i l l 
operate at 12 volts minimum and will 
dissipate at least 60 mW. So far, this has 
been a safe assumption, because by keep-
ing within these ratings I haven't burned 
out any devices. As for the current rating, 
I usually assume that if the device is kept 
within its power rating, the current rating 
will take care of itself. 

If you need transistors with a higher 
power rating, and you have several de-
vices of the same type, then by all means 
try out a sample in your circuit to 
determine if it gets too warm. I don't 
know of any other approach to this 
problem. 

using graded transistors 
At this point you may question the 

logic of separating the transistors into 

only three groups. The general feeling 
among most experimenters is that tran-
sistors with different numbers can't be 
readily interchanged. This is not usually 
the case. I've found from experimenta-
tion that, if a circuit calls for a transistor 
with high beta, in about 90 percent of the 
cases one of the transistors I've graded as 

L 1 6 turns no. 18, V2" diameter, 3 / 8 " long 

Y 1 25 to 30 MHz overtone crystal (C1 = two 

7-45 p F tr immers in parallel) 

50 to 60 M H z overtone crystal ( C I = 3-12 pF 

tr immer) 

fig. 6. Circuit for determining if u n k n o w n tran-
sistor will work at radio frequencies. 

high beta will work well. In the majority 
of cases, the first transistor I choose from 
the group will work well. 

applications 
Once your transistors have been 

graded into the general categories, they're 
ready for use in new projects. When 
building a new circuit, be sure that 
transistor sockets are used so substitution 
can be made easily. 

To use your graded transistors, first 
look at the original transistor in the 
circuit. From its specifications, determine 
if the transistor is high beta, low beta, or 
general rf. Keep in mind we're talking 
about small-signal devices — those of less 
than 150 mW dissipation. 

Once the category of the transistor has 
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been determined, select samples from 
your graded stock and substitute them 
into the circuit, one at a time, until 
optimum performance is obtained. In 
most cases, the first or second transistor 
will work. 

As an example, suppose your circuit 
calls for a 2N217, which has a high beta, 
pnp polarity, and a dissipation of about 
150 mW. This fits into our category of 
high-beta devices, but we previously made 
the assumption that all our units would 
dissipate about 60 mW. In this case, 
choose a transistor that's duplicated 
several times in the high-beta category. 
Substitute one of the high-beta graded 
units into the circuit and see if it works. 
If such is the case, leave the transistor in 
the circuit for five or ten minutes. (Make 
certain your power supply is fused.) If 
the device burns out or gets hot quickly, 
then try another variety. 

While this method of determining tran-
sistor dissipation may not seem very 
scientific, I'm at a loss for a better 
method. I've tried to guess transistor 
dissipation from the case size, but I've 
found that some devices with large cases 
will dissipate little power, while others 
with small cases will dissipate quite a bit. 

rf transistors 

The rf test described above is not a 
complete and thorough test. It will only 
test whether a transistor will oscillate at a 
specific frequency or below. In practice, 
transistors in this class will work well as 
oscillators, multipliers, and amplifiers in 
noncritical applications such as trans-
mitters. In receivers, this class of tran-
sistor may be too noisy. This criteria may 
be easily determined by substitution. 

conclusion 
The techniques described in this article 

are by no means intended for precise 
determination of transistor parameters. 
Rather, the techniques are presented so 
you can classify unidentified devices into 
several general categories. These cate-
gories can then be used as a starting point 
for building many transistor projects. 
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TRI-EX'S 

MW 
S E R I E S 

Pound for pound the 
strongest self-supporting 
steel towers available. 

The new economy MW 
Series towers are designed 
to support up to 9Vz sq. ft. 
of antenna area. Featuring 
Tri-Ex's extra strong tor-
sional twist resistant "W" 
bracing, the all steel MW 
crank-up towers come in 
three sizes, each fully gal-
vanized for carefree main-
tenance. Models available, 
by height, are: MW-35', MW-
50', and MW-65'. Nested 
height is between 21' and 
22'. Hinged base and wall 
bracket included with MW 
tower order! See your local 
dealer or write for free cata-
log today. Prices start as 
low as: 

$157.35 

x TOWER CORPORATION 
RfSMUSSEN AVE., VISALIA, CALIF. 93277 
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harmonics, distortion 
and 

splatter 

A brief review 

of the reasons 

behind nonlinear 

amplifier operation 

Judging by what I hear, and even oc-
casionally by what I read, there seems to 
be a lack of understanding concerning 
harmonics and other associated phe-
nomena. Every ham knows the definition 
of a harmonic; that is, a harmonic is an 
exact whole-number multiple (2 times, 3 
times, etc.) of a given fundamental fre-
quency. Some think, however, that har-
monics are a part of the natural order of 
things and that all signals will have 
harmonics. Others consider harmonics to 
be quite unnatural and that their pre-
sence is a sure sign of improper design or 
operation of a circuit. Neither of these 
assumptions is entirely true, as you will 
see later on. 
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harmonic-free signals 
There is one, and only one, type of 

signal completely free of harmonics, and 
that is the perfect sinusoid or sine wave. 
A sine wave is the wave shape formed by 
rotating a loop of wire at a constant 
speed in a uniform magnetic field. It's 
called a sine wave, because the instantan-
eous output voltage is proportional to the 
sine (a value found in a set of trigono-
metry tables) of the angle of rotation. 
The sine wave and how it is derived is 
shown in fig. 1. 

A sine wave can be generated elec-
tronically at audio and radio frequencies 
by specially designed circuits. Just any 
oscillator circuit won't necessarily pro-
duce a sine-wave output, although many 
will approximate it closely. No matter 
how you produce it, a signal with a true 
sine-wave shape will have only one fre-
quency, and harmonics will be non-
existent. 

distortion produces harmonics 
Any variation from a true sine-wave 

shape causes other frequencies to appear 
along with the fundamental or lowest 
frequency. These extra frequencies will 
be harmonics of the original frequency, 
and their number and strength is deter-
mined by the shape of the wave. You 
could also say that the shape of the wave 
is determined by the number, strength, 
and phase of the harmonics present. The 
result is the same in either case. 
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The harmonics of a distorted sine wave 
are all perfect sine waves. The funda-
mental frequency is also a perfect sine 
wave. This fact is rather confusing and 
hard to grasp at first, but it can be more 
easily understood if you will realize that 
the wave shape you see on an oscilloscope 
is a composite of all the frequencies 
present in the wave. The instantaneous 
voltages of the harmonics add to and 
subtract from the instantaneous voltage 
of the fundamental sine wave to give the 

causes of distortion 
If you generate a pure sine-wave signal, 

then feed it through an amplifier to 
increase its strength, chances are you will 
no longer have a pure sine wave at the 
output of the amplifier. This is because 
no vacuum tube or transistor is a per-
fectly linear device. That is, the output 
current doesn't increase and decrease 
exactly in proportion to an increase or 
decrease in input voltage or current. 
Many amplifiers, however, will be very 

fig. 1. The sine wave; the only wave that has no harmonic content. 

resultant wave shape. See fig. 2. 
The total number of harmonics 

present in a wave can range from one, as 
in a sine wave with some second- or 
third-harmonic distortion, to thousands, 
as in a good square wave. 

Many wave shapes also have a dc 
component. This is caused by the part of 
the wave on one side of zero being larger 
than that on the other side. As a general 
rule, it can be said that only even 
harmonics will produce a dc component. 

mathematical proof 
I have made a number of statements 

without giving proof that any are true. It 
can be proved mathematically, by means 
of a Fourier analysis, that a distorted or 
nonsinusoidal electrical wave is the sum 
of a fundamental sine wave, a series of 
sinusoidal harmonics, and a dc or average 
value. I'll leave this to the mathema-
ticians, and take their word for its truth. 

nearly linear over a certain range of input 
voltges; and by using negative feedback or 
other special techniques, an extremely 
good amplifier can be built. I just wish to 
emphasize that unless care is taken, there 
will be harmonic frequencies present in 
the output of an amplifier that were not 
present at the input. 

Distortion in an amplifier isn't always 
a bad thing, and may be purposely 
introduced, as in the case of a frequency-
multiplier circuit. A frequency multiplier 
is usually biased so that output current 
flows during only a small portion of the 
input cycle. This distorts the output 
signal greatly and causes the generation of 
strong harmonics. 

All class-C amplifiers produce a great 
deal of distortion and many harmonics. 
Class-C amplifiers are used only to 
amplify cw or fm signals, however, and 
the tuned-output circuits attenuate the 
harmonics to a reasonable level. 
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harmonics and splatter 
When more than one signal is present 

in a nonlinear circuit, the situation be-
comes more complicated. Not only will 
harmonics of the signals be present, but 
the nonlinear amplifier will also act as a 
mixer, and the sum and difference fre-
quencies of the fundamental and the 
various harmonics will be present in the 
output. For example, let's see what 

fig. 2. A distorted wave consisting 
of a fundamental sine wave and a 
large second harmonic. 

would happen if two sine-wave signals 
were fed into an amplifier where con-
siderable distortion is present. For con-
venient numbers I'll use 1000 and 1001 
kHz as the two frequencies. This would 
be the equivalent of a two-tone single-
sideband suppressed-carrier signal. 

The harmonics and the sum fre-
quencies generated by the amplifier 
would be greatly reduced in strength by 
the selectivity of the tuned-output cir-
cuit. However, some of the difference 
frequencies would fall within the pass-
band of the tuned circuit. The second 
harmonic of 1001 kHz (2002 kHz) will 
mix with the 1000-kHz signal to get an 

output of 1002 kHz; the second har-
monic of 1000 kHz (2000 kHz) will mix 
with the 1001-kHz signal to get an output 
of 999 kHz; the third harmonic of 1001 
kHz (3003 kHz) will mix with the second 
harmonic of 1000 kHz (2000 kHz) to get 
an output of 1003 kHz; the third har-
monic of 1000 kHz (3000 kHz) will mix 
with the second harmonic of 1001 kHz 
(2002 kHz) to get an output of 998 kHz; 
and so forth, depending on the amount of 
distortion in the amplifier and the 
number of harmonics present. 

You can see that although we started 
out with only two signals, at 1000 and 
1001 kHz, we now have six signals; at 
998, 999, 1000, 1001, 1002, and 1003 
kHz. These extra signals are caused by 
distorting the wave shapes of the original 
signals by amplifying them with a non-
linear amplifier. With a properly designed 
and operated amplifier, these extra signals 
will be so much weaker than the desired 
signals that they will be of no con-
sequence. 

However, even the best amplifier, 
when over-driven, badly loaded, or other-
wise improperly operated, will put out a 
great many strong undesired signals. This 
is why it's important that linear ampli-
fiers be correctly operated, or else they 
may suddenly become nonlinear ampli-
fiers, and can easily put out spurious 
signals (known as splatter) covering an 
entire amateur band. 

In conclusion, the sine wave is the 
only wave form that has no harmonic 
content, any distortion of a sine wave 
means that harmonic frequencies are 
present, and when two or more signals are 
amplified by a nonlinear amplifier, a great 
many unwanted signals may appear in the 
output. 
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improved 

superregenerative 

receiver 

The superregenerative receiver is a simple 
low-cost system often used in portable 
equipment operating on the amateur vhf 
and uhf bands. Although this circuit 
offers high sensitivity, it suffers from 
poor selectivity, high noise level, oscilla-
tor radiation and hangover. Hangover 
results in blocking that limits sensitivity 
because the receiver is swamped by its 
own residual signal. 

The high sensitivity of the super-
regenerative detector is due to the use of 
an alternating quench voltage, usually 
between 20 and 300 kHz. The regenera-
tion control is set so the detector goes 
into oscillation on each positive peak of 
the quench voltage: on each negative 
swing the oscillator is cut off. 

The superregeneration principle can be 
applied to any oscillator circuit; a 
grounded base Hartley circuit is shown in 
fig. 1. If the bias is gradually increased 
with the "regeneration" control the cir-
cuit will break into oscillation. When the 
amplitude of oscillations overcomes the 
base bias voltage on the negative portion 
of the swing, rectified current through 
the base-emitter diode charges capacitor 
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Cb, putting a negative bias on the base 
that runs off the transistor. When C b has 
discharged through resistor R b the circuit 
begins to oscillate again. Hence, the 
quenching frequency is determined by 
the base-bias voltage and the time con-
stant of CbRb - ^ fiS- 1 Rb ' s the 
effective resistance from base to ground 
and consists of R1 in parallel with R 2 and 
part of R3. 

rn 

-9b \ 

J? 
—vV— 

R3 

\meencration I 

AUDIO 

O-fVcc 

fig. 1. S imple superregenerative circuit 
using the grounded-base Hartley circuit. 

A n analysis of one cycle of quenching 
is shown in fig. 2. The oscillation is 
triggered by the incoming signal and 
builds until it overcomes the bias poten-
tial, then is quenched. When there is no 
input signal, internal circuit noise acts as 

This article originally appeared in the Japanese 
amateur publication, CQ-Ham Radio, and is 
presented here through the cooperation of 
JA1BHG. e d i t o r . 
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the trigger with a resultant "hiss" in the 
audio output. Hangover is due to the 
fly-wheel effect of the tank circuit, and 
the higher the Q, the more troublesome 
the hangover. 

In a recent article K2ZSQ suggested a 
simple circuit addition to limit the affects 
of radiation and hangover.1 The circuit 
change consists of adding a germanium 
diode across the tank circuit as shown in 
fig. 3. With this diode undesired energy is 
immediately dissipated after the oscilla-
tion burst. This eliminates hangover 
effects during the remaining period of the 
burst. Radiation is also lessened because 
the damping action of the diode lowers 
amplitude and shortens the duration of 
radiated pulse. 

practical receiver 
The modified superregenerative re-

TRIGGER 

fig. 2. One cycle of superregenerative 
operation shows the Input trigger, oscil-
lation, quenching and hangover. 

ceiver shown in fig. 3 has been used on 50 
and 144 MHz with similar results. The 
added diode is not critical, and any 
germanium point-contact seems to work 
well. The transistor should be a vhf type 
for best operation, but this isn't too 
critical either. I used Japanese types 
2SC372 ( f j = 150 MHz} and 2SC387 ( f j 

= 900 MHz), but Motorola equivalent 
types HEP55 and HEP56 will perform as 
well. 

Smoother operation is obtained by 
tapping the collector down on the final 
tank coil as shown in fig. 3. Oscillation 
can also be improved by moving the 
emitter tap down, but effective damping 
action requires the emitter to be tapped 
as high as possible on the coil. 

m 

o*9v 

50 MHz 
L I 7 turns no. 20, 9 /16" diameter, W long. 

Collector tap at 2'/z turns, emitter tap >/* 
turn from ground 

Q1 H E P 55 

R F C lOjUH 

144 MHz 
L I 4 turns no. 16, 3 /8 " diameter, 9 /16" long. 

Collector tap at IV2 turns, emitter tap at 
Vt turn from ground 

Q 1 H E P 56 

R F C 20 turns no. 26, closewound on '/*" form 

fig. 3. Practical vhf receiver for 6 and 2 meters 
using the modified superregenerative circuit. 

results 
Since this circuit is basically an oscilla-

tor, radiation was decreased very little by 
the addition of the germanium diode. 
However, the hangover effect was con-
siderably improved. No noticeable de-
crease in sensitivity was found. 

reference 
I.Robert M. Brown, K2ZSQ, "No-Radiation, 
No-hangover 28-MHz Superregen Receiver," 
ham radio, November, 1968, p. 70. 
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a flexible 
voltage-regulated 

power 
supply 

Putting the 

Motorola MC1460R 

regulator IC 

to work 

in a useful circuit 

for the experimenter 
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The power supply described here was 
originally designed for a 2-meter frn 
receiver.1 However, it can be used for any' 
equipment requiring a regulated low-
voltage power supply. 

The integrated circuit is a Motorola 
MC1460R, which can handle up to 20 
volts input at 600 mA maximum. For 
higher voltages, the MC1461R (35 V), or 
the MC1561R (40 V) can be used. The 
case is a small diamond shape, which can 
be mounted in a heat sink. 

The power supply requires a minimum 
of parts (fig. 1). Resistors R1, R2 con-
stitute a voltage divider that determines 
output voltage. With R2 = 6.8k, R1 will 
be (2V0-7)k ohms, where V D is the 
output voltage. R1 can be fixed or 
variable. Resistor R4 is the current-
limiting resistor, which determines the 
short-circuit load current. If an external 
pass transistor is not used, values for R4 
may be obtained from fig. 2 for various 
short-circuit load currents. 

Since the IC transistors have high 
frequency capabilities, there's a chance of 
oscillation with this device; therefore, 
some means must be used to suppress this 
tendency. Networks composed of R3, C2 
and R5, C4 form suppressors for input 
and output respectively. 
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C1 filter capacitor {value depends on current R4 0.2 ohms (for use with GJ1 at 2A maximum 
drawn from supply) output) 

R1, R2 see text T1 12 VAC, .45A (Stancor P-B392) 

fig. 1. Schematic of the regulated supply. If an external pass transistor isn't used, terminals E and C 
are Jumpered. Components outside the dashed line are mounted externally. 

construction 
Because of the vhf transistors in the 

IC, care must be used in wiring the 
circuit. Hand wiring can be used, but it's 
not recommended unless vhf-type con-
struction techniques are used. This means 
extremely short leads and vhf grounding 
methods. A printed-circuit board is the 
best solution. A PC board can be made 
from the template shown, or it can be 
purchased.* 

The PC-board layout has a certain 
amount of built-in flexibility. A small 

power transformer can be included on the 
board or the board can be cut on the 
dashed line if a larger transformer is 
desired. 

Space is provided for four separate 
rectifier diodes rather than a diode assem-
bly, so junk-box components can be used. 
The circuit board is arranged so that three 

"A G-10 epoxy board, drilled and tinned with 
staked terminals, is available from RMV Elec-
tronics, P. O. Box 283, Wood Dale, Illinois 
60191. $3.25 each postpaid. 

fig. 3. Full-size PC board template. Board can be cut 
on dashed line if the transformer is mounted externally. 
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fig. 2. Curve A is used to determine the value 
of R4 if a pass transistor isn't used; curve B 
shows voltage and current when R4 is 6.8 ohms. 

different styles of potentiometer can be 
used for R1. A fixed rather than a 
variable resistor may be used if desired. 

The heat sink can be made from a 
piece of aluminum with a 1/a-inch hole to 
pass the IC leads. Make sure the leads 
don't touch the heat sink. The size of the 
heat sink will depend on the power to be 
dissipated. 

Examination of the photo shows a 
jumper, which should replace R6 if an 
external pass transistor is not used. The 
only other external component is the 
filter capacitor, C1. 

reference 
1 .R . M. Vaceluke, W9SEK, and J. C. Price, 
WA9CGZ, "Vhf Fm Receiver," ham radio, 
September, 1970, p. 22. 
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IT'S WHAT'S INSIDE 
THAT "COUNTS" 

Accuracy and stability has been 
placed first in the design of the TBL-1 
Marker. We feel a marker should be more 
accurate than the receiver it is going to 
calibrate — so no compromise has been 
made with quality. 

Fairchild, Motorola, JFD, Jan, Mal-
lory, IRC and Keystone components are 
used throughout. It costs more, but 
calibrate with the best. Hundreds have 
been sold to government, amateurs, 
SWL's, schools and laboratories around 
the world. 

Try one today. 

Frequency marker, less cabinet and switch 
Specifications: Glass Epoxy Board. Adjustment 
to zero beat with WWv: Uses 100 KHz crystal 
(not supplied). 3 to 4 VDC. Compact — 1.75 x 
3.75 inches. Install anywhere! 
Complete easy-to- *1C Ell Wired and f | Q QC 

assemble kit Tested 913 .30 

SWITCH $1.00 CRYSTAL ONLY $3.50 
with purchase of any of above 

or 

SELF-CONTAINED UNIT 
The TBL Marker is a complete unit includ-

ing the circuit board shown at left and powered 
with 3 "C" type flashlight batteries. Merely 
connect to your receiver antenna — no internal 
wiring necessary. A front panel control allows 
zero beat with WWV. 

Special introductory price (OQ QR 
Less crystal and batteries 

POSTPAID U.S.A. 
SOLD WITH MONEY BACK GUARANTEE 

THE RADIO SHOP, LAB 1 
48 ELM STREET, NEW CANAAN, CONN. 06840 

Tel. 203-966-3553 
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frequency-sensitive 
resistors 

Deposited-film resistors operating in 
circuits at hf aren't always to be trusted if 
precise resistance values are needed. 

While at work, I needed a fairly husky 
precision resistor for a phase-sensitive 
network in a 100-kW transmitter. When I 
learned that the resistor order would be 
delivered in the distant future, I decided 
to check our stock of deposited-film 
resistors to see if I could use an accept-
able substitute. Much to my surprise, I 
found that at frequencies as low as 14 
MHz most values were completely in-
adequate. 

The resistors were checked on an rf 
bridge. I found that the " r " component 
generally tended to run quite low — at 
least 10% low in a 1% resistor — except 
that values in the 25k and higher ranges 
showed violently reversed characteristics. 
Resistors from some manufacturers were 
fairly accurate in this frequency range, 
but many showed bulk resistance effects. 
For example, a 25k unit would shoot up 
to 100k or more! 

I haven't completely checked out the 
results of these tests, but it appears that 
values of about 300 ohms or so tended to 
be capacitive at these frequencies, which 
is opposite to what 1 would have sus-
pected. Units of 200 ohms or less tended 

tebook 

to be slightly inductive. So you might 
bear this in mind the next time you need 
precision resistors in a frequency-sensitive 
application. 

Bill Wildenhein, W8YFB 

fm repeater receiver 
isolation 

If you are interested in obtaining 
channel isolation in your fm-repeater 
receiver, the Motrac units made by 
Motorola are worth considering. These 
units have a five-cavity front end and are 
readily available from surplus sources 
dealing in fm gear. 

continuous tuning 
for fm converters 

The Collins 75A-3 and 75A-4 re-
ceivers, with their calibrated-tuning 
capability, can be used with most crystal-
controlled converters to provide con-
tinuous coverage of the two-meter fm 
band. 

The appropriate converter is one 
having an output between 26-30 MHz. 
The 75A-3 receiver will tune this range 
directly; the 75A-4 will cover most of this 
range, and an appropriate crystal can be 
selected to cover the frequency portion 
desired. 

On all later production models of the 
75A-3 (and on all 75A-4 receivers) a 
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broadband i-f output jack is provided, 
which was originally intended for use 
with a panadapter. This output can be 
coupled via 52-ohm coax to the i-f strip 
of any of the surplus Motorola receivers, 
most of which use the same 455-kHz i-f. 

For early 75A-3 receivers that don't 
have the panadapter output, the instruc-
tion manual gives complete details for 
installing the output jack, which is a very 
simple job. 

If you have a 75A receiver, this is an 
excellent way to become acquainted with 
the two-meter band and discover which 
spot frequencies are active. Then you can 
decide which crystals to purchase for the 
f ixed-tuned equipment you would 
eventually use. You can't beat fm for 
communications reliability and noise-free 
operation. 

table 1. Crystal frequencies that can be used to 
convert WWV to the various amateur bands. 

ham 
band 

80 
40 
20 
15 

10 
6-6.5 

2.7-3.0 
4-4.35 

WWV frequency (MHz) 
15 20 25 

8-7.70 — — 

6-6.45 
6-6.65 ~ 

— 3.55-4.00 

signals will be received in additon to 
WWV. For example, if a 6.5-MHz crystal 
were used to convert WWV at 10 MHz to 
3.5 MHz, all signals on 3.5, 3.0, and 10 
MHz would be picked up. However, WWV 
is usually strong enough to be picked out 
easily. If necessary, tuned circuits could 
easily be installed between the antenna 
and the converter. 

WWV transmits much interesting data 
in addition to time ticks. Schedules and 
types of information are published in the 
A R R L handbook. 

Doug Pongrance, WA3JBN 

inexpensive WWV 
converter 

o + s v 

COS OUTPUT 

fig. 1. Simple mixer circuit for con-
verting WWV signals to amateur bands. 

cure for 
cranky oscillators 

In all the Vackar oscillators I've built 
using a Motorola MPF102 jfet, I 've found 
that the usual circuit (fig. 2) is reluctant 
to oscillate with low drain voltage. A 
quick and sure fix is to replace the usual 
Ik-ohm drain load resistor, R1, with a 
small rf choke. I found that video peaking 
coils pulled from an old TV set are 
adequate. With such a modification, the 
circuit will oscillate vigorously in the 8-12 
V power-supply range. 

Bill Wildenhein, W8YFB 

Here's a simple circuit that will con-
vert WWV signals above 5 MHz to 
amateur bands between 80 and 15 
meters. The converter consists of a simple 
crystal mixer using a single npn transistor 
(fig. 1). 

A variety of crystal frequencies can be 
used, depending on which WWV signal is 
desired. See table 1. The exact output 
frequency may be determined by finding 
the difference or sum of the desired WWV 
frequency and the crystal frequency. 

No tuned circuits are used, so other 

fig. 2. Typical Vackar oscillator using the 
MPF102 fet. Replacing R1 with a small rf 
choke ensures oscillation with low drain voltage. 
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MNU.10MMU. 
ANTENNA 

fig. 3. Bridge and tuner for random length antennas. Variable capacitors are Hammarlund type 
MC140. L I is 8 turns per inch; L2 is 16 turns per inch. Both coils are 1Vs-inch diameter. L I is 
tapped at 2, 2Vz, 3 and 4 turns; L2 at 8, 13 and 17 turns. 

wall-to-wall antenna 
tuner 

Although a well-elevated outdoor an-
tenna is best for radio communications, 
such an antenna is often impractical or 
impossible to erect (due, for example, to 
space restrictions or a grouchy landlord}. 
Fortunately, communications on the ham 
bands can be effective with only a simple 
short-wire antenna installed indoors. 

I have contacted many stations on the 
West Coast and in the Midwest using only 
a horizontal wire strung between two 
walls. However, the antenna must be 
properly terminated to be effective. The 
terminating impedance for most rigs is 50 
ohms. 

All the equipment needed to terminate 
the antenna properly is shown in fig. 3. 
In addition to the rf input and output 
terminals, the Ameco Model SWB bridge 
has three leads, which should be con-
nected as shown. The switch selects either 
forward or reverse power. We want as 
high a reading as possible in the forward 
position and as low a reading as possible 
in the reverse direction. The antenna 
tuner is adjusted for optimum impedance 
match between transmitter and antenna. 

construction 
For convenience, I mounted my bridge 

in a 4 x 4 x 2-inch aluminum box. The 
Ameco bridge, which comes with 
Amphenol SO-329 connectors, is 4V2 

inches long. It won't fit into a 4-inch-long 
box, so here's what to do. 

Remove the front and rear panels of 
the box. Then saw one edge of the box so 
you can spread it apart to accommodate 
the bridge. Drill holes to allow the 
Amphenol connectors to protrude. Use a 
%-inch circle cutter. 

Mount the bridge on the bottom of 
the box with screws. Close the box, using 
a small angle bracket and pk screws to 
keep it closed tightly. 

The 4-inch box also includes the meter 
(11/2-inch square), a miniature toggle 
switch, and a miniature potentiometer. 
There's plenty of space for these com-
ponents if they're mounted on the front 
panel. 

the tuner 
The tuner is housed in a metal box, 

8 x3 x 2-3/4 inches. The variable capac-
itors are Hammarlund type MC140. The 
inductance consists of two separate coils 
in series, each VA inches in diameter. The 
coils are mounted side-by-side, about 
one half inch apart. 
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tune-up 
If you have a 50-ohm dummy load, 

adjust your rig for optimum output. 
Position the switch to R, and select a tap 
on the tuner that gives minimum reading 
on the meter. Adjust the variable capac-
itors for a minimum meter indication. 

I use this system with an indoor 
antenna on 15 and 20 meters, my favorite 
bands. The tuner and bridge will probably 
match any random-length antenna. I've 
used the circuit of fig. 3 with a vertical 
whip, 6 feet high, and with an outdoor 
long-wire antenna 50 feet long. Results 
have been very good. 

I. Queen, W20UX 

plastic protective 
material 

A self-adhesive plastic sheet product is 
on the market that is of interest to 
amateurs. The material I use is called 
"PLA IN -VU " manufactured by Carr 
Adhesive Products, Inc., Somerville, 
Massachusetts. 

PLAIN-VU is a clear plastic contact 
material, which is good for covering 
homemade dials, panels, I. D. cards, 
licenses, QSL cards, and the like. It's 
available in stationery stores in sheets 
9 x 1 1 -5/8 inches, two sheets for about a 
dollar. 

Paul White, W6BKX 

fm deviation meter 
With fm becoming more and more 

popular, a deviation meter is a nice piece 
of equipment to have in your station. The 
method described can be used for most 
frequencies, and on 2 meters it works 
fine. 

features 
The deviation meter allows you to 

check deviation of on-the-air signals as 
well as your own. The use of an oscil-
loscope is ideal, and peak deviation can 
be monitored. 

A two-channel fm receiver is used, 

with channel A tuned to the desired 
frequency and channel B tuned either 15 
kHz above or below channel A. The setup 
is shown in fig. 4. Discriminator output is 
fed to the vertical input of a scope. 
Internal sweep is used for the horizontal 
plates. 

With no signal, noise will be displayed 
on the scope. When an unmodulated 

fig. 4. Fm deviation meter using 2-
channel receiver and oscilloscope. 
Method allows monitoring of peak 
deviation of received signal or your 
own. 

signal is received, a straight line will 
appear, possibly with some noise, de-
pending on signal strength. 

operation 
Switch the receiver to the desired 

signal. 
Adjust vertical centering so that the 

line appears in the center of the display. 
Now switch to channel B. The line will 
swing either up or down. Calibrate the 
scope vertical gain for a reasonable dis-
play.* Switch back to channel A, and 
modulate the transmitter to be tested. If 
voice peaks hit the calibration points, the 
signal is deviating ±15 kHz. 

A more elaborate unit could be made 
using a three-channel receiver, which 
would allow calibration above and below 
the received frequency. Two channels 
should suffice, however, since the signal 
deviates equally well both ways. 

Vern Epp, VE7ABK 

*Or use a grease pencil to mark deviation limits 
on the face of the scope tube, editor. 
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comments 

antenna dimensions 

a decrease in feed point impedance and 
bandwidth as the angle between the 
two wires is decreased. Thus, for the 
same frequency, the length of the 
dipole (used as an inverted vee) must 
be increased somewhat." 
Has a mistake been made in the 

calculation of the lengths in the inverted-
vee column? 

Donald R. Nesbitt, K4BGF 
Gainesville, Florida 

DearHR: 
In the ham notebook section of the 

June, 1970 issue the antenna dimensions 
presented by WA9JMY seem to have a 
d iscrepancy in the "inverted-vee" 
column. 

It has always been my experience that 
if I had a dipole of a certain length, 
resonant at a certain frequency, and then 
positioned it in the inverted-vee con-
figuration, the resonant frequency in-
creased. Thus, to maintain resonance at 
the original frequency, I had to increase 
the length such that the length of the 
inverted vee at the original frequency was 
greater than the length of the dipole at 
the same frequency. 

The figures given by WA9JMY do not 
seem to be in line with my experimental 
findings. Throughout the chart, the in-
verted-vee lengths are /ess than those for a 
resonant dipole at the same frequency. 
Realizing that there is a multiplicity of 
factors involved in antenna work, I took a 
peek at the ARRL Antenna Book, 11th 
edition, page 204, and it seems to con-
firm my results. 

"Sloping of the wires results in an 
increase in the resonant frequency and 

For each antenna length computed by 
the computer, / fed formulas that were 
taken out of the 1968 edition of the 
ARRL handbook, f did this with the 
assumption that they were correct and 
that no research into other books would 
be necessary. After receiving your letter 
questioning the correctness of the in-
verted-vee column I checked back into 
the handbook with a little more alertness. 
This is what / found: Quoting the last 
paragraph on page 350 of the 1968 
edition: 

"When its ends are near the ground, 
the length of the wire in an inverted V 
antenna is slightly shorter than when 
the dipole is strung in a straight 
line..." 

These are the formulas / fed to the 
computer: 

Inverted vee: Length = 464/Freq. 

Dipole: Length = 468/Freq. 

These formulas indicate that the 
dipole will always be longer. 
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/ did not have a chance to verify your 
source of information but it is evident 
that one of these books is wrong. If you 
can dig up any more info, I would 
appreciate you letting me know. 

James Barcz, WA9JMY 

inverted-vee length 

Dear HR: 
I have checked out both the Antenna 

Handbook and the Handbook and sure 
enough, they seem to be contradictory 
except for the qualifier: "When its ends 
are near the ground.. . " It makes me 
wonder just how near the ground "near" 
is! 

As for any additional information 
which I can add, most of my inverted-
vees have been close to a half-wave above 
ground with apex angles in the 140° to 
120° range thereby placing the ends 
perhaps not "near the ground!!" 

In an article by K4GSX, "Radiation 
Resistance of Inverted V Antennas," 
QST, October, 1968, using a ten-meter 
test antenna with an apex angle of 105°, 
the length as compared to the standard 
dipole varied from longer than the 
resonant dipole (determined by setting 
k = 0.95 in the formula L = 
492(k)/f(MHz)) to shorter depending 
upon the height above ground. Experi-
mentally, he measured values of k for an 
antenna with the forementioned delta 
and an L/D ratio of 230 (hardly typical!!) 
which were less than 0.95 for heights less 
than 0.3 wavelengths (ie: the inverted vee 
was shorter than the corresponding 
dipole) and values of k which were larger 
than 0.95 (ie: the inverted vee was longer 
than the corresponding dipole) for 
heights greater than 0.3 wavelengths. 

Perhaps in this case the center height 
of about 0.3 wavelengths or less put the 
ends "near the ground . . . " 

Lewis McCoy, W1ICP, in the July, 
1968 issue of QST p. 42 suggested that as 
a starting point, the length given by 
L = 515/F(MHz) would be appropriate 
using the tried and true method of 
pruning from there. Antennas being the 

cantankerous beasts that they are this 
seems a wise suggestion!!!!! 

I propose to run some checks on an 
experimental 40-meter setup which 
would be a typical amateur antenna. 
Number 14 or 16 wire used with the 
small glass end insulators fed with a 
half-wave of coax (electrical of course) 
and adjustable both in height and apex 
angle. I'm interested in checking this type 
of antenna since I think that it represents 
the way most of the inverted vees are 
constructed and used. Hopefully it will 
satisfy my curiosity about how near 
"near" is! 

Donald R. Nesbitt, K4BGF 
Gainesville, Florida 

variable crystal 
oscillators 

Dear HR: 
I want to thank you for the fine article 

on vxo design. K6BIJ's circuit of fig. 4 
which achieves 50 kHz frequency shift is 
certainly most impressive. I shall have to 
give it a try in the near future. 

For your information, the circuit 
shown in fig. 1 was originally published in 
the February, 1965 issue of 73 Magazine 
and was specifically developed for use 
with the OSCAR 3 satellite. 

These circuits would seem to have a 
wide area of applicability which has been 
pretty much overlooked. Perhaps your 
article will lead to additional applications. 

Even the narrow shift of circuit 1 
could be of value as a simple no-holes 
modification of existing transceivers for 
net and schedule type operation. For 
example, in my Heath SB-300 and 400 it 
could be readily adapted by making the 
vxo for 5 to 5.5 MHz and plugging its 
output into the system in place of the 
internal LMO (variable frequency oscil-
lator) and still have the flexibility to zero 
in on the exact net frequency. 

Your circuit which features increased 
frequency swing would have even more 
uses. I am thinking of one particular 
application but I wonder if it would be 
acceptable to the FCC. What I have in 
mind is its use by Novices. This could give 
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ALL SOLID-STATE 
SSB TRANSCEIVER -

. Complete single-band SSB transceiver 4 to 5 
watts PEP output 15. 20, 40. or 75 mtrs. 

. VXO tuning up to 100 KHz or 2 fixed freq. 
• Suitable for dry battery operation. 
• Light weight, small size makes excellent 

portable • boat, aircraft, field or mobile. 
. Contains 15 transistors, 1 MOSFET, 2 darling-

ton amps., 1 I.C. and 17 diodes. Four-pole 
filter. 

• Some options available to customer require-
ments. 

• Furnished with spare switching and final amp. 
transistors, dummy load and extra plug. 

JUSTIN, INC. 
2663 NORTH LEE AVENUE 

SOUTH EL MONTE, CALIF. 91733 

ALL BAND 
MOBILE ANTENNA 

COIL 
SIZE: 3", 8TPI 
ICORE 2408T 
STD 3/a" FITTINGS 

Not included 
36" BASE EXTENSION 
96" WHIP, preferred 

COIL ONLY $24.95 
Add $1.50 for Insured 

Parcel Post & Handling. 

Write for Quote on Custom Coils. 
Built to Specifications. 

M A D I S O N E L E C T R O N I C S 
S U P P L Y 

1508 McKINNEY 
HOUSTON, TEXAS 77002 

713-224-2668 

them the capability of vfo operation 
while still meeting the specific regulation 
requiring that their transmitters be crystal 
controlled. With just a few crystals they 
could cover the entire band available to 
them. Similarly, they could modify 
existing commercial units by replacing 
the internal vfos with vxos for novice 
operations. 

Harley C. Gabrielson, K6DS 
La Mesa, California 

antenna tuners 

Dear HR: 
The article (in your May, 1970 issue) 

about "compatible vs incompatible" 
tuners has many hams wondering about 
their antenna couplers. Initial investiga-
tions here have borne out the points of 
the article. One interesting discovery—I 
can match my antenna across the 
shorted-out section of the antenna-tuner 
coil and get a different set of tuning 
conditions—proof that what W2WLR said 
is true, that power is circulating around in 
all those extraneous portions of the tuner 
rather than getting out to the antenna! 

Ade Weiss, K8EEG 
Meckling, South Dakota 

simple wwv receiver 
Dear HR: 

Amateurs who have ham-band-only 
receivers and need a converter to receive 
WWV should consider International 
Crystal's OX oscillator and MXX-1 mixer. 
I put these two units together, and with a 
6000 kHz crystal beat the 10.000 MHz 
WWV signal into my receiver at 4000 kHz 
in the 80-meter band. 

Using a double-pole double-throw 
switch to put the WWV signal into the 
mixer for zeroing my crystal calibrator, 
and then out again, makes for one of the 
easiest and economical approaches to this 
problem. 

James W. Harrison, Jr., WB4TBX 
Norfolk, Virginia 
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vfm-fm radiotelephone 

Stoner Communications has an-
nounced a new low-cost vhf-fm radio-
telephone designed for multi-purpose 
applications. The model VHF-30, six-
channel, 25-watt unit features a mosfet 
front end, ic amplifiers and selective 
crystal filter to provide low-noise re-
ception of weak signals. The equipment 
incorporates tropicalized epoxy board 
modules and splash and corrosion-proof 
construction. The unit can be used as a 
battery-operated base station; low current 
drain permits operation from any 12-volt 
source in base or vehicle applications. The 

VHF-30 covers the frequency range from 
148 to 174 MHz with 0.6 /iV sensitivity 
for 20-dB quieting. 

For more information on the new 
VHF-30, use check-off on page 88, or 
write to Donald L. Stoner, Stoner Com-
munications, Inc., 8751 Industrial Lane, 
Cucamonga, California 91730. 

cir-kit printed-circuit 
material 

Cir-Kit is a revolutionary new material 
for the construction of experimental and 
prototype printed-circuit boards and con-
sists of high-purity 0.002-inch copper foil 
tape-1/8- or 1-16-inch wide —coated 
with a heat-resistant self adhesive and 
protected by lacquer. To use the material 
you simply remove the backing paper and 
place the adhesive side down in the 
desired position. Component leads are 
soldered to the Cir-Kit. If any circuit 
modifications are required it's a simple 
matter to remove the Cir-Kit material 
with a knife. 

Cir-Kit can be bent, curved, used on 
both sides of a board to simplify layout 
or passed around the edges of a board to 
accomodate edge connectors. 

The adhesive used on Cir-Kit actually 
increases its strength with age. The heat 
of soldering merely speeds up this pro-
cess. The adhesive softens when it is 
heated but full adhesive strength returns 
as soon as the temperature drops to 
normal. 

Rolls of Cir-Kit, 1/8 or 1/16 inch wide, 
5-feet long are $.60 each; 100-foot spools 
are $9.95 each. Sheets of Cir-Kit, 6 x 1 2 
inches are $2.50 each, 5 for $9.95. For 
more information, use check-off on page 
88, or write to Cir-Kit, Box 592, Amherst, 
New Hampshire 03031. 

66 0 decern ber 1970 



automatic cw identifier 

Curtis Electro Devices has announced 
an advanced integrated-circuit keyer that 
incorporates an automatic identification-
message generator in addition to the basic 
Electronic-Fist circuitry. In this new 
keyer, called the Mnemonic, a custom 
integrated-circuit read-only memory 
(ROM) provides permanent memory to 
generate the repetitive calls used by 
amateurs in normal and contest 
operation. 

As an example, the operator might 
select any one of the three sequences 
below from a single ROM: 

1.CQCQDE W1DTY K 
2. CQ FD CQ FD DE W1DTY K 
3. DE W1DTY K 

Three auto-stop selections allow con-
tinuous cycling or a choice of two stop-
ping points. The message can be trans-
mitted once, continuously or every ten 
seconds. 

In the manual mode the keyer pro-
vides 8 to 50-wpm paddle or squeeze 
keying with dot memory, independent 
weight control and iambic character 
generation. A tap on the straight key of a 
Brown Brothers CTL combination key 
(or external push button) initiates the 
automatic program at the exact speed and 
weight used by the operator in the 
manual mode. At 20 wpm a full message 
sequence takes 15 seconds. The sequence 
terminates either automatically or by a 
tap on the dash paddle. 

The Mnemonic keyer will operate both 
grid-block and cathode keyed trans-
mitters. Power supply, cw monitor and 
speaker are built-in. All cables and con-
nectors are provided. 

AT LAST 
a SPEECH COMPRESSOR that 

REALLY WORKS 
. LOW DISTORTION CIRCUIT 
. 5-10 DB IMPROVEMENT IN 

TALK POWER 
. FULLY WIRED & TESTED 

NOT A KIT 
. SEVERAL MODELS TO 

CHOOSE FROM 
. WORKS WITH PHONE PATCH 
• Quality construction includes 

Silicon transistors, FETs 
Glass circuit boards 

. FULL WARRANTY—ONE YEAR 

. Performance second to none 

. INTRODUCTORY LOW PRICES — 
$20.50 to $34.95 
(Illinois residents add 5% sales tax) 

Write for specifications 
and information sheets 

(free) 

Demonstration Tape 
cassette available 

($2.00 deposit) 

Electronics 
BOX 1201H 
CHAMPAIGN, ILL. 
61820 

GEM-QUAD FIBRE - CLASS 
ANTENNA FOR 10, 15, and 20 METERS. 

Two Elements $87.00 
Extra Elements $50.00 ea. 

Shipped Freight Collect 
INCLUDES U.S. Customs Duty 

KIT COMPLETE WITH 
• SPIDER 
• ARMS 
• WIRE 
• BALUN KIT 
• BOOM WHERE NEEDED 

SEE OUR FULL PAGE IN MAY ISSUE 

tttiy two elements now — a third and fourth may 
he added later with little effort. 

Enjoy optimum forward gain on DX, with a 
maximum hack to front ratio and excellent .title 
discrimination. 

Cet a maximum structural strength with low 
weight, using our "Tridetic" arms. 

MANITOBA DESIGN INSTITUTE 
AWARD WINNER 

Canadian Palanl No. 79450« 
U. s . Palanl Paneling 

20 Burnett Avenue, Winnepeg 16, Manitobn, Canada 
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Digital 
Frequency Meter 

• Monitors your "transmitted" signal 
• Measures kHz and MHz 
• Operates with any exciter-transmitter 

(1 to 600 watts — up to 30 MHz) 
• Large-bright "Nixie" display 
• Now - 100 Hz (.1 kHz) Readout 

through 35 MHz 

FM-6 Kit . . . . $139.50 

Hficro-Z Co. 
Box 2 4 2 6 Roll ing Hills, Calif. 9 0 2 7 4 

radio a m a t e u r lb k 
Radio Amateur 
Emblems engraved 
with your call letters. n Goid 

• Rhodium 

call letters 
$6.00 Ea. 

• Gold 
i Q Rhodium 

call letters 
$6.00 Ea. 

A l l illustrations 
are actual size. 

• Gold 
• Rhodium 

n - y — ' J call letters 

Two or more Emblems at the same time $5.00 each. 

ftwifc OrWtr To: RADIO AMATftlR CAUBOOK, Inc. 
Dept. E. 925 Sherwood Drive, Lake Bluff, III. 60044 

The EK-39M Mnemonic keyer is avail-
able from dealers or directly from the 
manufacturer, and is priced at $179.95 
less the individually tailored plug-in 
memory which is ordered direct from the 
factory per user message instructions. The 
memory is priced at $59.95. For more 
information, use check-off on page 88, or 
write to Curtis Electro Devices, Box 
4090, Mountain View, California 94040. 

amateur radio 
techniques 

The new enlarged edition of this very 
popular book is now available, and the 
author, Pat Hawker, G3VA, has included 
many new topics. The emphasis is on 
solid state, with many new semicon-
ductor circuits for amateur equipment. 
Chapters are included on semiconductors, 
components and construction, receivers, 
oscillators transmitters, audio and modu-
lation, power supplies, antennas and 
troubleshooting and test equipment. This 
is an excellent book that presents many 
unique circuits and construction tech-
niques, as well as solutions to old 
problems. 

The chapter on receivers, for example, 
discusses modern communications re-
ceiver design, including front ends, gain 
distribution, mixers, oscillators, i-f stages, 
spurious responses, crystal filters, de-
tectors, noise limiters, cross modulation, 
and direct-conversion systems. All the 
latest techniques are there, including 
many that were developed for military 
and commercial use, and have yet to filter 
down to amateur gear. 

The other chapters are equally as 
diversified as the one on receivers, and 
provide a broad look at modern com-
munications circuits and systems and how 
they may be used by the amateur. 208 
pages. 470 diagrams. $3.50 from Comtec 
Book Division, Box 592, Amherst, New 
Hampshire 03031 

new zero bias triodes 
Eimac has just announced a new 

family of ceramic-metal zero-bias triodes 
that are suitable for use up to 450 MHz 
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or so. Three versions are featured: the 
8875 transverse air cooled, the 8873 
conduction cooled and the 8874 axial ly 
air cooled. The 8875 is a high-mu power 
triode having 300 watts plate dissipation 
and capable of 1200 watts peak in Inter-
mittent Voice Service. The 8874 features 
400 watts plate dissipation. In the Janu-
ary, 1971 issue of ham radio we will 
present application articles on the 8875 
and 8873. 

The big tube in the center of the 
photograph is a new 1500-watt zero-bias 
triode, the 8877. In the February issue 
we'll have an article describing its applica-
tion in a six-meter linear amplifier. Right 
now, your're not even supposed to be 
seeing it! 

For more information on these new 
Eimac power tubes, use check-off on page 
88, or write to Eimac Division of Varian, 
301 Industrial Way, San Carlos, California 
94070. 

high-power rf 
transistors 

Two npn silicon rf power transistors 
for vhf power amplifier applications to 
175 MHz are available from Motorola 
Semiconductor Products. The transistors, 
types MM1552 and MM1553, use 
balanced-emitter construction for ex-
treme electrical ruggedness; load mis-
match conditions of 10:1 at 75 watts 
output can be withstood by either device. 

Intended for use as high-power class-C 
amplifiers in the 100-175 MHz frequency 
range, the MM 1552 and MM 1553 have 
the high peak power capabilities and 
breakdown voltages required for a-m 
applications. The MM 1552, for example, 
is rated at 90 W peak power output for 

INTEGRATED CIRCUITS 
FACTORY FRESH - NO REJECTS 

W/SPEC. SHEET 

FAIRCHILD - MOTOROLA 
Ut 900 BUFFER 80c—10/6.00 
UL 914 GATE 80c—10/6.00 
UL 923 J.K. FLIP-FLOP $1.50—10/9.00 
MC 790P DUAL JK FLIP-FLOP. .52.00—10/18.95 
MC 789P HEX INVERTER > i 
MC 724P QUAD 2 INPUT GATE I 
MC 799P DUAL BUFFER f 10/9.50 

MC 780P DECADE $3.50 
MC 767P QUAD LATCH $3.50 
MC 9760P DECODER DRIVER $5.50 

THREE ABOVE $11.95 

R & R ELECTRONICS 
311 EAST SOUTH ST. 
INDIANAPOLIS, IND. 
46225 

$2.00 minimum order FOB Indianapolis. 
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NEED CRYSTALS? 

crys ta ls 
M H * In 
holders . 

4 for $5.00 $1.60 
4.50 
3.50 

2.25 

1.50 or 4 for $5.00 
2.85 
2.50 

W e c a n s u p p l y 
f r o m 2 K H z to 8 0 
m a n y t y p e s of 

S P E C I A L S 
Color TV crystal (2579, 545KH?) wire leads 
100 KH? (red. itd. crystal (HC13/U) 
1000 KHj (icq, std. crystal (HC6/U) 
Any CB crystal TR. or REC. 

eicepl synthesiJtr crystals 
Any amateur band cryilal (except 80 & 160 

meters) in FT-243 holders 
Any marine frequency (HC6/U) 
80 meter — FT-243 holders 

We have in stock over six mil l ion crystals which Include 
types CR1A/AR, FT243. FT241, MC7, FT249, HC6/U, 
HC13/U, HC25/U, HC18 /U . etc. Send 10<> for our 
1970 catalog with oscillator circuits, l ist ing thousands 
of frequencies in stock for immediate delivery. (Add 1 0 f 
per crystal to above prices for shipment 1st class mall, 
15 f each for air mail). 

S p e c i a l Q u a n t i t y Pr ices to 
J o b b e r s a n d D e a l e r s . 

O R D E R D I R E C T 
w i t h c h e c k or m o n e y o r d e r 

(o 

2400H Crystal Drive 
Fort Myers, Florida 33901 

Qtimmwi 
lid ready for the 

SAROC 
6th NATIONAL CONVENTION 

J A N U A R Y 7 T O 10 .1971 

C O N V E N T I O N CENTER LAS VEGAS, NEVADA 

SAKOC. l inmiriRo llolcl Room" 
a!i! SU oil plti* lii*, Mn^k' or iloublu 

is. . !{;s.|!!# !.- Mitll 10 1 !.1!III!U;m Mull'l. LiiS VL'gil'j. 

SAWJC. iiilviimit! rt^iMt.mun S)4 Ml [»<i prmin. ri'KuInt rrRWia-
Hi,M ill !tu> tiiMir. ri.ininiKO llnlH I .Hi" Slimv. Suml.iv UrenMtisI, 
Cjm M,h1 I'ilflirv Sf'ltiMl.ilN ,mi! Mei'lln^ Mail to SAROC 

SAROC s|N)HMititi liy Southern fJcv.uW ARC li l t . iim IS, BmrMer 
Ciiy. N«v.«l» Hfllktt, 

Contact SAROC for 

Charter Flights from Chicago and New York 

18 W (maximum) input at 150 MHz (27 
Vdc power supply), permitting close to 
100 percent modulation with a 25 W 
carrier at Vcc = 13.5 Vdc. For the 
MM 1553, the same figures are obtained 
with a 13.5 W (maximum) input. In fm or 
cw service, both devices are capable of a 
continuous 75 watts output at 150 MHz. 

Much of the fine broadband per-
formance of the transistors comes from 
their low lead-inductance, strip-line 
package — Motorola Case 145C-01. For 
more information use check off on page 
88, or contact the Technical Information 
Center, Box 20912, Phoenix, Arizona 
85036. 

tone encoder/decoder 

THE FABULOUS ̂ ^ ^ N ^ ^ W ) ! r. L 

Because of the increased demand for a 
reliable all solid-state sub-audible con-
tinuous-tone encoder/decoder that is 
small enough to f i t internally in small 
two-way radios, Alpha Electronic Services 
developed the SS-80H. Measuring only 
V/2 x V A x % inch, it is probably the 
smallest unit of its kind. The SS-80H 
meets or exceeds all EIA specifications, 
and when coupled with the TN-91H 
frequency-determining module can be 
easily installed in equipment where space 
is a problem. The SS-80H is completely 
compatible with private line, channel 
guard or other standard frequency tone-
quieting devices. It is also available with 
special tone frequencies, allowing greater 
use of congested channels. The SS-80H 
uses no mechanical reeds. For more in-
formation, use check-off on page 88, or 
write to Alpha Electronic Services, Inc., 
8431 Monroe Avenue, Stanton, CA. 
90680. 
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• short circuits 

NOW! 
IS THE TIME 

to get a binder 
for your 1970 issues 

Don't lose them . . . 
Don't let them get 
dog-eared & dirty 

Only $3.95 each 
or 

3 for $10.00 

Also Bound Volumes for 
1969 & 1970 $14.95 each 

HAM RADIO MAGAZINE 
GREENVILLE, N. H. 03048 

ST-5 demodulator 
Several component values were 

omitted from the discrimator section of 
the schematic on page 14 of the Septem-
ber issue. These values are determined by 
the shift, and are shown in the following 
table: 

shift 2125 - 2975 1275 - 2125 
R1 4 7 0 0 1500 
R2 33k 8 2 0 0 
R3 5 6 0 0 2 2 0 0 
R4 91k 68k 
C I .068 .18 
C2 . 0 3 3 .068 

frequency counter 
In fig. 5, page 23 of the July issue, 

IC2 should be shown as an MC799P. In 
fig. 2, page 19, the 20-pF capacitor in the 
crystal-oscillator circuit should be an 
N750 type for temperature compensa-
tion. In fig. 7 the 170-volt power supply 
output is shorted — this should be shown 
as a shielded line to ground. Also in fig. 7 
one of the switch contacts is labeled 
control module pin 14; this should be 
dock module pin 14. And finally, in fig. 
5, an electrolytic capacitor on the bottom 
right side of the drawing is shown with 
the wrong polarity. 

wwv receiver 
On page 68 of the July issue the 

schematic for the simple WWV receiver 
has no detector stage — a diode should be 
installed between the 1.2k and 20k re-
sistors on the output of the SA21 inte-
grated circuit, cathode end toward the 
20k resistor. 

microwave hybrids 
On page 61 of the July issue, under 

applications, the sentence that states, " A 
detector-indicator, such as a receiver with 
an S-meter connected at port 3 . . . " 
should say port 1. If imbalance is meas-
ured at port 3 the input signal must be 
applied to port 1, in which case the 
signals at ports 2 and 4 will be 180 
degrees out of the phase, and not suitable 
for balancing antenna sections. The situa-
tion is correctly described in the previous 
paragraphs. 

72 Q3 december 1970 



ham radio 
index to volume III - 1970 

This index covers all articles published in ham 
radio during 1970. The articles are listed 
alphabetically under each category along with 
the author, page number and month. Categories 
are: antennas and transmission lines; com-
mercial equipment; construction techniques; fm 
and repeaters; integrated circuits; keying; 
measurements and test equipment; miscel-
laneous technical; power supplies; propagation; 
receivers and converters; RTTY ; semicon-
ductors; single sideband; transmitters and 
power amplifiers; and vhf and microwave. 
Articles followed by (HN) appeared in the ham 
notebook. 

antennas and transmission lines 

All-band antenna portable 
(HN) p. 66, June 

Antenna dimension 
(HN)p. 66, June 

Antenna impedance transformer for receivers 
(HIM) p. 70, Jan. 

Antenna mast, build your own tilt-over 
W 6 K R T p. 42, Feb-
Short Circuit p. 76, Sept. 

Antenna systems for 80 and 40 meters 
K6Ka p. 55, Feb. 

Antenna tuner for optimum power transfer 
W2WLR p. 28, May 

Beam antenna, improved triangular shaped 
W 6 D L p. 20, May 

Beam for ten meters, economical 
W1 FPF p. 54, March 

Bridge for antenna measurements, simple 
W2CTK p. 34, Sept. 

Coax connectors, repairing broken 
(HN) p. 66, June 

Coaxial transmission lines, underground 
W0FCH p. 38, May 

Couplers, random-length antenna 
W 2 E E Y p. 32, Jan. 

Cubical quad antenna design parameters 
K60PZ p. 55, Aug. 

Cubical-quad antennas, unusual 
W 1 D T Y p. 6, May 

Dual-band antennas, compact 
W6SA I p. 18, March 

Dummy load and rf wattmeter, low-power 
W20LU p. 56, April 

Isotropic source and practical antennas 
K 6 F D p. 32, May 

Mobile antenna, six-meter 
(HN) p. 77, Oct. 

Moonbounce antenna, practical 144-MHz 
K6HCP p. 52, May 

Multiband dipoles for portable use 
W6SA I p. 12, May 

Receiving antennas 
K6ZGQ p. 56, May 

Reflected power, some reflections for 
V E 3 A A Z p. 44, May 

Smith chart, how to use 
W 1 D T Y p. 16, Nov. 

Swr alarm circuits 
W2EEY p. 73, April 

Swr bridge and power meter, integrated 
W6DOB p. 40, May 

Swr meter 
W 6 V S V p. 6, Oct. 

Tuner, wall-to-wail antenna 
(HN) p. 56, Dec. 

Unidirectional antenna for the low-frequency 
bands 

GW3NJY p. 61, Jan. 
Vertical beam antenna, 80 meter 

V E 1 T G p. 26, May 
Voltage-probe antenna 

W1 D T Y p. 20, Oct. 

audio 

Distortion and splatter 
K 5 L L I p. 44, Dec. 

Filter, simple audio 
W 4 N V K p. 44, Oct. 

Filter for cw, tunable audio 
WA1JSM p. 34, Aug. 

Filter, tunable peak-notch audio 
Schultz p. 22, March 

Filter, variable bandpass audio 
Jordan p. 36, April 

Filter-frequency translator for cw reception, 
integrated audio 

W 2 E E Y p. 24, June 
Oscillator-monitor, solid-state audio 

WA1JSM p. 48, Sept. 
Speech amplifiers, curing distortion 

Allen p. 42, Aug. 
Speech processor, logarithmic 

W A 3 F I Y p. 38, Jan. 
Speech processor for ssb, simple 

K6PHT p. 22, April 
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Transceiver selectivity, improved Fm deviation meter 
(HN) p. 74, Oct. (HN) p. 58, Dec. 

commercial equipment 
Modulat ion standards for vhf fm 

commercial equipment W6TEE p . 16 , J une 
Motorola voice commander, improving 

Coll ins 75A-4 receiver, improving overload W O D K U p. 70, Oct. 
response in Receiver, modular fm 

W6ZO p. 42, Apr i l (HN) p. 71, Jan. 
Short c ircuit p. 76, Sept. Receiver for two meters, fm 

Elmac chirp and dr i f t W9SEK p. 22, Sept. 
(HN) p . 6 8 , J u n e Receiver isolation, fm repeater 

Galaxy feedback (HN) p. 54, Dec. 
(HN) p. 71, Jan. Transmitter for two meters, phase-modulated 

Heath HG-10B vfo, independent keying of W 6 A J F p. 18, Feb. 
(HN) p. 67, Sept. 

integrated circuits Heath HW-17A, perking up integrated circuits 
(HN) p. 70, Aug. 

Heath SB-100, using an outboard receiver with Balanced modulator, an integrated-circuit 
the K7QWR p. 6, Sept. 

(HN) p. 68, Feb. Break-in control system, ic 
Heath SB-400 and SB-401, improving ale (HN) p. 68, Sept. 
response in Electronic counter dials, ic 

(HN) p. 71, Jan. K 6 K A p. 44, Sept. 
Knight-kit two-meter transceiver Modular modulos 

W 1 D T Y p. 62 , June W9SEK p. 63, Aug. 
Motorola voice commander, improving Removing ics 

W O D K U p. 70, Oct. (HN) p. 71, Aug. 

construction techniques 
Surplus ics 

construction techniques (HN) 
Voltage regulators, ic 

p. 68, July 

Bnc connectors, mounting W 7 F L C p. 22, Oct. 
(HN) p. 70, Jan. 

keying Coax connectors, repairing broken keying 
(HN) p. 66, June 

Ferrite beads Break-in control system, ic 
W5JJ p. 48, Oct. (HN) p. 68, Sept. 

Heat sinks, homemade Contest keyer 
(HN) p. 69, Sept. (HN) p. 79, Apr i l 

Linear amplif ier, homebrew five-band Grid-block keying, simple 
VU7IV p. 30, March (HN) p. 78, Apr i l 

Mobi le mount bracket Keying the Heath HG-10B vfo 
(HN) p. 70, Feb. (HN) p. 67, Sept. 

Modular converter, 144-MHz Oscil lator-monitor, solid-state audio 
W 6 U O V p. 64, Oct. W A 1 J S M p. 48, Sept. 

Parasitic suppressor Oscillators, electronic keyer 
(HN) p. 80, Apr i l W A 6 J N J p. 44, June 

Printed-circuit labels Relay, transistor replaces 
(HN) p. 76, Oct. (HN) p. 72, Jan. 

Printed circuits wi thout printing 
W4ZG p. 62, Nov. 

Rack construction, a new approach 
K 1 E U J p. 36, March 

Rectifier terminal strip 
(HN) p. 80, Apr i l 

Soldering t ip 
(HN) p. 68, Feb. 

Uhf hardware 
(HN) p. 76, Oct. 

Workbench, electronic 
W 1 E Z T p. 50, Oct. 

fm and repeaters 

Continuous tuning fo r f m converters 
(HN) p. 54, Dec. 

Typewriter-type further automation for 
electronic keys 

W 6 P R G p. 26, March 

measurements and test equipment 

Bridge for antenna measurements, simple 
W2CTK p. 34, Sept. 

Bridge, rf noise 
W B 2 E G Z p. 18, Dec. 

Counter, compact frequency 
K 4 E E U p. 16, July 
Short c ircuit p. 72, Dec. 

Capacitance meter, direct-reading 
Z L 2 A U E p. 46, Apr i l 

Counter gating sources 
K 6 K A p. 48, Nov. 
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Counters: a solution to the readout problem Magazines, use your 
WA0GOZ p. 66, Jan. E. L. Foster p. 52, Jan. 

Dummy load and rf wattmeter, low-power Neutralizing small-signal amplifiers 
W20LU p. 56, April WA4WDK p. 40, Sept. 

Frequency scaler, divide-by-ten Oscillators, cure for cranky 
K 4 E E U p. 26, Aug. (HN) p. 55, Dec. 

Frequency-shift meter, R T T V Parasitic oscillations in high-power 
V K 3 Z N V p. 53, June transistor rf amplifiers 

Grid-dip oscillator, solid-state conversion of W0KGI p. 54, Sept. 
W6AJZ p. 20, June Phase-shift networks, design criteria for 

Harmonic generator G3NRW p. 34, June 
(HN) p. 76, Oct. Power supplies, survey of solid-state 

Impedance bridge W6GXN p. 25, Feb. 
(HN) p. 67, Feb. Power supply, operational 

Regenerative detectors and a wideband amplifier WA2IKL p. 8, April 
W8YFB p. 61, March Proportional temperature control for crystal 

Rf signal generator, solid-state ovens 
VE5FP p. 42, July VE5FP p. 44, Jan. 

Small-signal source for 144 and 432 MHz, stable Protective material, plastic 
K6JC p. 58, March (HN) p. 58, Dec. 

Sweep generator, how to use Reactance problems, nomograph for 
Allen p. 60, April W6NIF p. 51, Sept. 

Swr bridge and power meter integrated Reflected power, reflections on some 
W6DOB p. 40, May V E 3 A A Z p. 44, May 

Swr meter Relays, surplus 
W6VSV p. 6, Oct. (HN) p. 70, July 

Transistor and diode tester Resistors, frequency sensitive 
Z L 2 A M J p. 65, Nov. (HN) p. 54, Dec. 

Wavemeter, indicating Rf power-detecting devices 
W6NIF p. 26, Dec. K 6 J Y O p. 28, June 

Rf power transistors, how to use 
miscellaneous technical W A 7 K R E p. 8, Jan. 

Slow-scan television pictures, computer 
Amplitude modulation, different approach to processing 

WA5SNZ p. 50, Feb. W4UMF p. 30, July 
Clock, 24-hour digital Smith chart, how to use 

K 4 A L S p. 51, April W1DTY p. 16, Nov. 
Short circuit p. 76, Sept. Tank circuit, inductively-tuned high-frequency 

Computer-aided circuit analysis W6SAI p. 6, July 
K 1 0 R V p. 30, Aug. Thermometer, electronic 

Counter dials, electronic V K 3 Z N V p. 30, April 
K 6 K A p. 44, Sept. Thristors, introduction to 

Counter gating sources WA7KRE p. 54, Oct. 
K 6 K A p. 48, Nov. Tuning with ssb gear 

Cw transceiver operation with transmit-receive W0KD p. 40, Oct. 
offset Vhf tank circuits, design of 

W1DAX p. 56, Sept. K 7 U N L p. 56, Nov. 
Double-balanced modulator, broadband Vxo design, practical 

WA6NCT p. 8, March K6BIJ p. 22, Aug. 
Earth currents Warning lights, increasing reliability of 

(HN) p. 80, April W3NK p. 40, Feb. 
Ferrit beads 

W5JJ p. 48, Oct. 
Frequency multipliers, transistor 

W6AJF p. 49, June 
power supplies Ground plow 

p. 49, June 
power supplies 

W1EZT p. 64, May 
Isotropic source and practical antennas lc regulated power supply 

K 6 F D p. 32, May W2FBW p. 50, Nov. 
Laser communications Ic regulated power supply 

W4KAE p. 28, Nov. W9SEK p. 5 I.Dec. 
L E D experiments Mobile power supplies, troubleshooting 

W4KAE p. 6, June Allen p. 56, June 
Lunar-path nomograph Mobile power supply 

WA6NCT p. 28, Oct. (HN) p. 79, April 
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Mobile supply, low-cost 
(HN) p. 69, July 

Operational power supply 
W A 2 I K L p. 8, April 

Power supply protection for your solid-state 
circuits 

W5JJ p. 36, Jan. 
Protection for solid-state power supplies 

(HN) p. 66, Sept. 
Scr-regulated power supplies 

W 4 G Q C p. 52, July 
Survey of solid-state power supplies 

W 6 G X N p. 25, Feb. 
Short circuit p. 76, Sept. 

Voltage regulators, ic 
W 7 F L C p. 22, Oct. 

receivers and converters 

Antenna impedance transformer for receivers 
(HN) p. 70, Jan. 

Audio filter, simple 
W 4 N V K p. 44, Oct. 

Audio filter for cw, tunable 
W A 1 J S M p. 34, Aug. 

Audio filter, tunable peak-notch 
Schultz p. 22, March 

Audio filter, variable bandpass 
Jordan p. 36, April 

Audio filter-frequency translator for cw 
reception 

W 2 E E V p. 24, June 
BC-1206 for 7 MHz, converted 

W 4 F I N p. 30, Oct. 
Cw transceiver operation with transmit-receive 
offset 

W 1 D A X p. 56, Sept. 
Fet converter for 10 to 40 meters, second-
generation 

V E 3 G F N p. 28, Jan. 
Short circuit p. 79, June 

Fm receiver, modular 
(HN) p. 71, Jan. 

Frequency spotter, general coverage 
W5JJ p. 36, Nov. 

HW-17A, perking up 
(HN) p. 70, Aug. 

Intelligibility of communications receivers, 
improving 

W A 5 R A Q p. 53, Aug. 
Interdigital preamplifier and combline 
bandpass filter for vhf and uhf 

W 5 K H T p. 6. Aug. 
Interference, rf 

W 1 D T Y p. 12, Dec. 
Oscillators, repairing 

Allen p. 69, March 
Outboard receiver with the SB-100, using an 

(HN) p. 68, Feb. 
Overload response in the Collins 75A-4 
receiver, improving 

W 6 Z O p. 42, April 
Short circuit p. 76, Sept. 

Phase-shift networks, design criteria 
G 3 N R W p. 34, June 

Preselector, general-coverage 
(HN) p. 75, Oct. 

Radio-direction finder 
W6JTT p. 38, March 

Receiver, simple wwv 
(HN) p. 68, July 
Short circuit p. 72, Dec. 

Receiver, simple wwv 
(HN) p. 55, Dec. 

Receiver, versatile solid-state 
W1PLJ p. 10, July 

Regenerative detectors and a wideband 
amplifier for experimenters 

W 8 Y F B p. 61, March 
Replay, instant 

(HN) p. 67, Feb. 
Rf and i-f amplifiers, troubleshooting 

Allen p. 60, Sept. 
Six-meter converter, improved 

K 1 B Q T p. 50, Aug. 
Small-signal source for 144 and 432 M H z 

K6JC p. 58, March 
ssb minituner 

K t B Q T p. 16, Oct. 
Superregenerative receiver, improved 

J A 1 B H G p. 48, Dec. 
Transceiver selectivity, improved 

(HN) p. 74, Oct. 
144-MHz converter 

(HN) p. 71, Aug. 
144-MHz converter, modular 

W 6 U O V p. 64, Oct. 
160-meter receiver, simple 

W6FPO p. 44, Nov. 
432-MHz converter, low-noise 

K6JC p. 34, Oct. 
1296-MHz converter, solid-state 

V K 4 Z T p. 6, Nov. 

RTTY 

Frequency-shift meter, R T T Y 
V K 3 Z N V p. 53, June 

Mainline ST-5 R T T Y demodulator 
W 6 F F C p. 14, Sept. 
Short circuit p. 72, Dec. 

Precise tuning with ssb gear 
W 0 K D 

Synchrophase R T T Y reception 
W 6 F O O p. 38, Nov. 

Synchrophase afsk oscillator 
W 6 F O O p. 30, Dec. 

Teleprinters, new look in 
W6JTT p. 38, July 

semiconductors 

Avalanche transistor circuits 
W 4 N V K p. 22, Dec. 

Converted BC-1206 for 7 MHz 
W 4 F I N p. 30, Oct. 

Frequency multipliers, transistor 
W6AJF p. 49, June 

Grid-dip oscillator, solid-state conversion of 
W 6 A J Z p. 20, June 
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Neutralizing small-signal amplifiers 
WA4WDK p. 40, Sept. 

Parasitic oscillations in high-power 
transistor rf amplifiers 

W0KGI p. 54, Sept. 
Pentode replacement 

(HN) p. 70, Feb. 
Relay, transistor replaces 

(HN) p. 72, Jan. 
R F power detecting devices 

K 6 J Y O p. 28, June 
Rf power transistors, how to use 

W A 7 K R E p. 8, Jan. 
Surplus transistors, identifying 

W2FPP p. 38, Dec. 
Transistor and diode tester 

Z L 2 A M J p. 65, Nov. 
Transistor testing 

Allen p. 62, July 
Thyristors, introduction to 

W A 7 K R E p. 54, Oct. 
Vxo design, practical 

K 6 B I J p. 22, Aug. 

single sideband 

Balanced modulator, integrated-circuit 
K7QWR p. 6, Sept. 

Double-balanced modulator, broadband 
WA6NCT p. 8, March 

Linear amplifier, homebrew five-band 
W7IV p. 30, March 

Minituner, ssb 
K 1 B Q T p. 16, Oct. 

Phase-shift networks, design criteria for 
G3NRW p. 34, June 

Precise tuning with ssb gear 
W0KD p. 40, Oct. 

Speech processor for ssb 
K 6 P H T p. 22, April 

Speech processor, logarithmic 
W A 3 F I Y p. 38, Jan. 

Ssb generator, 9-MHz 
W9KIT p. 6, Dec. 

Vhf, uhf transverters, input source for 
(HN) p. 69, Sept. 

144-MHz linear, 2kW 
W6UOV, W6ZO, K6DC p. 26, April 

144-MHz low-drive kilowatt linear 
W6HHN p. 26, July 

432 MHz rf power amplifier 
K 6 J C p. 40, April 

432-MHz ssb converter 
K 6 J C p. 48, Jan. 
Short circuit p. 79, June 

transmitters and power amplifiers 

Amplitude modulation, a different approach 
WA5SNZ p. 50, Feb. 

Coaxial-line resonators 
(HN) p. 82, April 

Linear amplifier, five-band 
W7IV p. 30, March 

p. 69, March 

p. 80, April 

Oscillators, repairing 
Allen 

Parasitic suppressor 
(HN) 

Power attenuator, all-band 10-dB 
K 1 C C L p. 68, April 

Rf power transistors, how to use 
W A 7 K R E p. 8, Jan. 

Swr alarm circuits 
W 2 E E Y p. 73, April 

Tank circuit, inductively-tuned high-frequency 
W6SA1 p. 6, July 

Temperature alarms for high-power amplifiers 
W 2 E E Y p. 48, July 

Transmitter, low-power 
W6NIF p. 26, Dec. 

Vfo for solid-state transmitters 
W3QBO p. 36, Aug. 

Vxo design, practical 
K 6 B I J p. 22, Aug. 

50/144-MHz multimode transmitter 
K2 ISP p. 28, Sept. 

144-MHz low-drive kilowatt linear 
W6HHN p. 26, July 

144-MHz low-power solid-state transmitter 
K 0 V Q Y p. 52, March 

144-MHz phase-modulated transmitter 
W6AJF p. 18, Feb. 

144-MHz two-kilowatt linear 
W6UOV, W6Zo, K 6 D C p. 26, April 

144- and 432- stripline amplifier/tripler 
K2RtW p. 6, Feb. 

432-MHz rf power amplifier 
K 6 J C p. 40, April 

432-MHz ssb converter 
K 6 J C p. 48, Jan. 
Short circuit p. 79, June 

1296-MHz power amplifier 
W2COH, W2CCY, W20J. W1 IMUp. 43, March 

troubleshooting 

Mobile power supplies, troubleshooting 
Allen p. 56, June 

Oscillators, repairing 
Allen p. 69, March 

Rf and i-f amplifiers, troubleshooting 
Allen p. 60, Sept. 

Speech amplifiers, curing distortion 
Allen p. 42, Aug. 

Sweep generator, how to use 
Allen p. 60, April 

Transistor testing 
Allen p. 62, July 

vhf and microwave 

Band change from six to two meters, quick 
K 0 V Q Y p. 64, Feb. 

Coaxial-line resonators 
(HN) p. 82, April 

Interdigital preamplifier andcombline 
bandpass filter for vhf and uhf 

W 6 K H T p. 6, Aug. 
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Frequency multipliers, transistor 
W6AJF p. 49 , June 

Harmonic generator 
(HN) p. 76, Oct. 

Impedance bridge 
<HN) p. 67, Feb. 

Lunar-path nomograph 
W A 6 N C T p. 28, Oct. 

Microwave hybrids and couplers for amateur use 
W2CTK p. 57, July 
Short circuits p. 72, Dec. 

Proportional temperature control for crystal 
ovens 

VE5FP p. 44, Jan. 
Rf power-detecting devices 

K6JYO p. 28, June 
Ssb input source for vhf, uhf transverters 

(HN) p. 69 , Sept. 
Swr meter 

W6VSV p. 6, Oct. 
Tank circuits, design of vhf 

K 7 U N L p. 56, Nov. 
Uhf hardware 

(HN) p. 76, Oct. 
Vxo design, practical 

K6BIJ p. 22, Aug. 

50-MHz mobile antenna 
(HN) p. 77, Oct. 

50 /144-MHz multimode transmitter 
K2ISP p. 28, Sept. 

144-MHz converter 
(HN) p. 71, Aug. 

144-MHz fm receiver 
W9SEK p. 22, Sept. 

144-MHz low-drive kilowatt linear 
W 6 H H N p. 26, July 

144-MHz moonbounce antenna 
K6HCP p. 52 , May 

144-MHz phase-modulated transmitter 
W6AJF p. 18, Feb. 

144-MHz two-kifowalt linear 
W 6 U O V , W6ZO, K6DC p. 26, April 

144- and 432-MHz small-signal source 
K6JC P. 58, March 

144- and 432-MHz stripline amplifier/tripler 
K2RIW p. 6 , Feb. 

432-MHz rf power amplifier 
K6JC p. 40, April 

432-MHz ssb converter 
K6JC p. 48 , Jan. 
Short circuit p. 79, June 

432-MHz converter, low-noise 
K6JC p. 34, Oct. 

1296-MHz converter, solid state 
V K 4 Z T p. 6 , Nov. 

1296-MHz power amplifier 
W 2 C 0 H , W2CCY, W20J , 
W 1 I M U p. 43, March 
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